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AbVWUaFW

BiRlRgical V\VWemV aUe iQcUeaViQgl\ YieZed WhURXgh Whe leQV Rf maWhemaWicV, Sh\VicV, aQd
V\VWemV aSSURacheV WhaW demaQd accXUaWe TXaQWificaWiRQ Rf geQe e[SUeVViRQ aQd lRcal SURWeiQ
cRQceQWUaWiRQV. SXch aSSURacheV haYe beQefiWed gUeaWl\ fURm Whe UeYRlXWiRQ iQ geQeWic
eQgiQeeUiQg VSaUked b\ CRISPR/CaV9. B\ faciliWaWiQg Whe WaggiQg Rf geQeV aW WheiU geQRmic lRci,
CRISPR/CaV9 allRZV XV WR XVe flXRUeVceQce WR mRQiWRU SURWeiQV WhaW aUe e[SUeVVed aW RU QeaU
eQdRgeQRXV leYelV XQdeU QaWiYe UegXlaWRU\ cRQWURl. HRZeYeU, dXe WR WheiU W\Sicall\ lRZeU
e[SUeVViRQ leYelV, TXaQWiWaWiYe e[SeUimeQWV XViQg eQdRgeQRXVl\-Wagged geQeV caQ UXQ iQWR
limiWV imSRVed b\ aXWRflXRUeVceQce (AF). AF iV RfWeQ a SaUWicXlaU challeQge iQ Whe illXmiQaWiRQ
baQdV RccXSied b\ Whe mRVW efficieQW flXRUeVceQW SURWeiQV (GFP, mNeRQGUeeQ). SWimXlaWed b\
RXU ZRUk iQ C. HOHJDQV, Ze deVcUibe aQd YalidaWe /pectral Autofluorescence Image correction By

.egression (SAIBR), a VimSle, SlaWfRUm-iQdeSeQdeQW SURWRcRl, aQd aVVRciaWed GUI-baVed FIJI
SlXgiQ WR cRUUecW fRU aXWRflXRUeVceQce XViQg VWaQdaUd filWeU VeWV aQd illXmiQaWiRQ cRQdiWiRQV. FXll\
YalidaWed fRU XVe iQ C. HOHJDQV embU\RV aQd WeVWed iQ diYeUVe V\VWemV, iQclXdiQg VWaUfiVh
RRc\WeV aQd fiVViRQ \eaVW, SAIBR achieYeV accXUaWe TXaQWiWaWiRQ Rf flXRURShRUe VigQal aQd
eQableV Ueliable deWecWiRQ aQd TXaQWificaWiRQ Rf eYeQ Zeakl\ e[SUeVVed SURWeiQV. ThXV, SAIBR
SURYideV a highl\ acceVVible, lRZ baUUieU Za\ WR iQcRUSRUaWe AF cRUUecWiRQ aV VWaQdaUd fRU
UeVeaUcheUV ZRUkiQg RQ a bURad YaUieW\ Rf cell aQd deYelRSmeQWal V\VWemV.

SXPPaU\ SWaWHPHQW: ImSlemeQWed aV aQ eaV\-WR-XVe Fiji PlXgiQ, SAIBR SURYideV effecWiYe
aXWRflXRUeVceQce cRUUecWiRQ fRU cellV aQd WiVVXeV XViQg VWaQdaUd imagiQg cRQdiWiRQV.

KH\ZRUGV: aXWRflXRUeVceQce cRUUecWiRQ, C. HOHJDQV, VWaUfiVh, S. SRmbe, Fiji PlXgiQ
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SAIBR AXWRflXRUeVceQce CRUUecWiRQ 2

IQWURGXFWLRQ

OZiQg WR iWV highl\ UeSURdXcible deYelRSmeQW aQd VimSle geRmeWU\, C. HOHJDQV haV emeUged aV
aQ ideal V\VWem fRU TXaQWiWaWiYe aQal\ViV Rf V\mmeWU\-bUeakiQg (GURVV eW al., 2019; LaQg aQd
MXQUR, 2017), cell diYiViRQ (PiQWaUd aQd BRZeUmaQ, 2019), cell aQd WiVVXe mechaQicV (ZhaQg eW
al., 2010), aQd cellXlaU deciViRQ makiQg (BaUkRXlaV eW al., 2013). FXUWheU, WheUe iV a ZealWh Rf
eQdRgeQRXVl\-Wagged geQeV Rf iQWeUeVW allRZiQg liYe TXaQWiWaWiYe imagiQg Rf SURWeiQ QeWZRUkV
RSeUaWiQg aW QaWiYe e[SUeVViRQ leYelV (DickiQVRQ aQd GRldVWeiQ, 2016). HRZeYeU, deVSiWe beiQg
WUaQVSaUeQW, C. HOHJDQV e[hibiWV VigQificaQW iQWUiQVic aXWRflXRUeVceQce (AF) SURdXced b\ a YaUieW\
Rf cellXlaU cRQVWiWXeQWV aQd AF caQ be RbVeUYed acURVV all VWageV Rf ZRUm deYelRSmeQW (CURce
aQd BRWWiURli, 2014; PiQcXV eW al., 2016). IW iV mRVW SURmiQeQW ZheQ XViQg blXe aQd XlWUaYiRleW
e[ciWaWiRQ ZaYeleQgWhV aQd WhXV SRVeV SURblemV ZheQ XViQg VWaQdaUd GFP illXmiQaWiRQ
cRQdiWiRQV (HeSSeUW eW al., 2016). CRQVeTXeQWl\, WheUe iV a Qeed fRU efficieQW aQd eaVil\
imSlemeQWed meWhRdV fRU AF cRUUecWiRQ.

A QXmbeU Rf geQeUal VWUaWegieV haYe beeQ VRXghW WR cRUUecW fRU AF. OQe aSSURach iV WR
e[SeUimeQWall\ VXSSUeVV AF. OQe caQ XVe chemical cRmSRXQdV WR VSecificall\ UedXce RU TXeQch
AF backgURXQd, RU eYeQ SUe-bleach VamSleV SUiRU WR flXRURShRUe addiWiRQ, WhRXgh WheVe
meWhRdV WeQd WR be UeVWUicWed WR fi[ed VamSleV (BilliQWRQ aQd KQighW, 2001; CRZeQ eW al., 1985;
NeXmaQQ aQd Gabel, 2002). IQ C. HOHJDQV, JOR mXWaQWV e[hibiW UedXced fRUmaWiRQ Rf
aXWRflXRUeVceQW gXW gUaQXleV, WhRXgh becaXVe JOR mXWaQWV affecW QRUmal ZRUm Sh\ViRlRg\, Whe\
ma\ cRmSlicaWe aQal\ViV (HeUmaQQ eW al., 2005).

AQRWheU aSSURach haV beeQ WR RSWimi]e Whe cRmbiQaWiRQ Rf flXRURShRUeV, e[ciWaWiRQ lighW VRXUceV
aQd emiVViRQ filWeUV WR ma[imi]e Whe VeSaUaWiRQ beWZeeQ flXRURShRUe VigQal aQd AF (BilliQWRQ
aQd KQighW, 2001). TheVe VWUaWegieV XVXall\ UeTXiUe VSeciali]ed imagiQg VeWXSV, aQd Whe QaUURZ
emiVViRQ baQdV RfWeQ UeTXiUed caQ limiW Whe VigQal beiQg caSWXUed. SXch aSSURacheV ma\ alVR
UeVWUicW Whe chRice Rf flXRURShRUeV. IQ C. HOHJDQV, Whe RYeUlaS Rf Whe e[ciWaWiRQ aQd emiVViRQ
VSecWUa Rf AF ZiWh cRmmRQl\ XVed gUeeQ flXRUeVceQce SURWeiQV, VXch aV GFP RU mNeRQGUeeQ
(mNG), makeV WhiV aSSURach difficXlW WR achieYe iQ SUacWice. NeYeUWheleVV, VRme VXcceVV haV
beeQ achieYed ZiWh VSeciali]ed filWeU VeWV (AQ aQd BlackZell, 2003; TeXVcheU aQd EZald, 2018)
RU \ellRZ VhifWed e[ciWaWiRQ, Zhich iV cRmSaWible ZiWh mNG, bXW aYRidV Whe AF e[ciWaWiRQ Seak
(HeSSeUW eW al., 2016). OQe caQ alVR aYRid Whe AF e[ciWaWiRQ Seak b\ XViQg Ued-VhifWed RFPV
VXch aV mCheUU\ aQd mKaWe2. HRZeYeU, cRmSaUed WR GFP aQd mNG, Ued flXRURShRUeV aUe leVV
RSWimal dXe WR UedXced TXaQWXm \ield, lRZeU bUighWQeVV aQd eQhaQced ShRWRbleachiQg (HeSSeUW
eW al., 2016; ShaQeU eW al., 2004; ShcheUbR eW al., 2009).

TechQiTXeV VXch aV flXRUeVceQce lifeWime aQd VSecWUal imagiQg caQ UeVRlYe RYeUlaSSiQg
flXRUeVceQW VigQalV baVed RQ WheiU diVWiQcW flXRUeVceQW lifeWimeV RU VSecWUal chaUacWeUiVWicV
(BilliQWRQ aQd KQighW, 2001; KXmaU eW al., 2009; MaQVfield eW al., 2005). AF W\Sicall\ e[hibiWV
flXRUeVceQce chaUacWeUiVWicV WhaW aUe diVWiQcW fURm RWheU flXRURShRUeV aQd, WheUefRUe, iW caQ RfWeQ
be VeSaUaWed RXW mXch aV RQe ZRXld aQ addiWiRQal flXRURShRUe. SXch aSSURacheV haYe beeQ
XVefXl iQ cRmSeQVaWiQg fRU Whe high leYelV Rf gXW aXWRflXRUeVceQce iQ C. HOHJDQV (Shi aQd GUaQW,
2015). HRZeYeU, VXch WechQiTXeV UeTXiUe VSeciali]ed iQVWUXmeQWV aQd aQal\Wical WRRlV, WR Zhich
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SAIBR AXWRflXRUeVceQce CRUUecWiRQ 3

VRme ma\ QRW haYe acceVV RU Zhich ma\ be iQcRmSaWible ZiWh SaUWicXlaU e[SeUimeQWal
ZRUkflRZV.

AQ alWeUQaWiYe, bXW UelaWed aSSURach WR VSecWUal XQmi[iQg iV VR-called µAF VXbWUacWiRQ¶ (AlbeUWi eW
al., 1987; BilliQWRQ aQd KQighW, 2001; SWeiQkamS aQd SWeZaUW, 1986). FiUVW SURSRVed fRU flRZ
c\WRmeWU\, WhiV UaWheU VimSle meWhRdRlRg\ WakeV adYaQWage Rf Whe facW WhaW AF W\Sicall\ e[hibiWV
mXch bURadeU emiVViRQ VSecWUa WhaQ flXRURShRUeV VXch aV GFP. OQe caQ WheUefRUe TXaQWif\ AF
iQ a giYeQ VamSle XViQg aQ AF-UeSRUWiQg chaQQel aQd VXbWUacW iW fURm Whe VigQal meaVXUed iQ Whe
flXRURShRUe chaQQel (RRedeUeU, 2002). The adYaQWageV Rf WhiV aSSURach iV WhaW iW iV UelaWiYel\
VWUaighWfRUZaUd WR imSlemeQW, iW XVeV cRmmRQl\ aYailable lighW VRXUceV aQd e[ciWaWiRQ/emiVViRQ
filWeUV, aQd iW dReV QRW UeTXiUe VigQificaQW SUiRU kQRZledge abRXW flXRUeVceQce VSecWUa be\RQd
ideQWif\iQg a chaQQel WhaW iV UelaWiYel\ VSecific fRU AF. VaUiaWiRQV Rf WhiV baVic WechQiTXe haYe
ViQce beeQ aSSlied iQ a YaUieW\ Rf cRQWe[WV, iQclXdiQg cell-baVed mRQiWRUiQg Rf geQe e[SUeVViRQ
aQd AF cRUUecWiRQ Rf flXRUeVceQce iQ ViWX h\bUidi]aWiRQ VamSleV (CheQ eW al., 2019; DaYiV eW al.,
2010; LichWeQ eW al., 2014; RRedeUeU aQd MXUSh\, 1986; S]|ll|Vi eW al., 1995).

HeUe Ze demRQVWUaWe WhaW AF VXbWUacWiRQ iV a SRZeUfXl meWhRd fRU aXWRflXRUeVceQce cRUUecWiRQ
dXUiQg flXRUeVceQce imagiQg Rf C. HOHJDQV embU\RV. NRWabl\, RXU imSlemeQWaWiRQ achieYeV
UeVXlWV RQ SaU ZiWh mRUe VSeciali]ed imagiQg mRdaliWieV, cRUUecWiQg bRWh fRU bXlk ZhRle embU\R
flXRUeVceQce aV Zell aV fRU VSaWial AF YaUiaWiRQ. IW eQableV Ueliable RSWimi]aWiRQ Rf flXRUeVceQce
VigQal fURm eYeQ YeU\ Zeakl\ e[SUeVVed eQdRgeQRXV GFP fXViRQV, aQd iV cRmSaWible ZiWh dXal
labeled GFP/mCheUU\ VamSleV, bUiQgiQg VXbVWaQWial imSURYemeQWV WR flXRUeVceQce VigQal
TXaQWificaWiRQ. AW Whe Vame Wime, dXe WR iWV XVe Rf VWaQdaUd GFP/RFP filWeUV VeWV aQd iWV
imSlemeQWaWiRQ Yia aQ eaV\-WR-XVe Fiji SlXgiQ, WhiV SURWRcRl, Zhich Ze WeUm SSecWUal
AXWRflXRUeVceQce Image cRUUecWiRQ B\ RegUeVViRQ (SAIBR), iV Ueadil\ cRmbiQed ZiWh a YaUieW\
Rf imagiQg SlaWfRUmV aQd SURcedXUeV, allRZiQg iQWegUaWiRQ Rf AF cRUUecWiRQ aV a VWaQdaUd SaUW Rf
imagiQg ZRUkflRZV. AlWhRXgh deYelRSed ZiWh C. HOHJDQV iQ miQd, Whe SUiQciSleV behiQd SAIBR
aUe geQeUal. CRQViVWeQW ZiWh WhiV, Ze fXUWheU demRQVWUaWe WhaW SAIBR iV Ueadil\ aSSlicable WR a
YaUieW\ Rf RWheU e[SeUimeQWal V\VWemV aQd WhXV Zill be a XVefXl WRRl fRU AF cRUUecWiRQ fRU Whe cell
aQd deYelRSmeQWal biRlRg\ cRmmXQiW\.

RHVXOWV

TR TXaQWif\ Whe SRWeQWial imSacW Rf AF RQ Whe VSecific deWecWiRQ Rf GFP iQ C. HOHJDQV embU\RV,
Ze begaQ b\ cRmSaUiQg Whe magQiWXde Rf AF VigQal RbWaiQed fURm XQlabeled embU\RV ZiWh Whe
VigQal RbWaiQed fURm embU\RV e[SUeVViQg GFP fXViRQ SURWeiQV ZheQ imaged ZiWh VWaQdaUd GFP
illXmiQaWiRQ VeWWiQgV (e[488/em535/50, heUeafWeU GFP CKDQQHO). FRU WhiV SXUSRVe Ze VelecWed C.
HOHJDQV liQeV e[SUeVViQg GFP fXViRQV WR RQe Rf WhUee SRlaUiW\ SURWeiQV, PAR-6 aQd PAR-3,
Zhich lRcali]e WR aQ aQWeUiRU SlaVma membUaQe dRmaiQ, aQd LGL-1, Zhich lRcali]eV WR Whe
SRVWeUiRU SlaVma membUaQe. All geQeV ZeUe Wagged aW Whe eQdRgeQRXV lRci. IQ WheVe caVeV, AF
accRXQWed fRU a40-90% Rf Whe RbVeUYed VigQal iQ Whe GFP emiVViRQ baQd (FigXUe 1A). MRUeRYeU,
ZheQ Ze imaged XQlabeled embU\RV, Whe AF VigQal iQ Whe GFP ChaQQel ZaV iQWUiQVicall\
YaUiable. NRW RQl\ ZaV WheUe VXbVWaQWial VSaWial YaUiaWiRQ iQ AF (FigXUe 1B), bXW alVR a QeaUl\
2-fRld YaUiaWiRQ iQ Whe RYeUall magQiWXde Rf AF VigQal beWZeeQ embU\RV (FigXUe 1A, B). ThXV,
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SAIBR AXWRflXRUeVceQce CRUUecWiRQ 4

VimSl\ VXbWUacWiQg RXW meaQ AF VigQal RbWaiQed fURm XQlabeled embU\RV Zill fail WR accRXQW fRU
bRWh VRXUceV Rf YaUiaWiRQ. IQ Whe caVe Rf LGL::GFP VXch meaQ AF VXbWUacWiRQ ZRXld cleaUl\ lead
WR aSSaUeQW QegaWiYe cRQceQWUaWiRQV iQ VRme embU\RV. ThXV, if Ze ZiVh WR accXUaWel\ TXaQWif\
Whe e[SUeVViRQ aQd lRcal VXbcellXlaU cRQceQWUaWiRQV Rf SURWeiQV XViQg GFP fXViRQV, SaUWicXlaUl\
fRU geQeV e[hibiWiQg lRZ-WR-mRdeUaWe e[SUeVViRQ, RQe UeTXiUeV a meWhRd fRU lRcall\ cRUUecWiQg
AF RQ a SeU embU\R, SeU Si[el baViV.

A VLPSOLILHG PHWKRG IRU AF FRUUHFWLRQ EDVHG RQ GXDO HPLVVLRQ LPDJLQJ

IQ SUiQciSle, Whe emiVViRQ VigQal fRU GFP aQd AF Zill be addiWiYe aQd WhXV if RQe haV aQ
iQdeSeQdeQW meaVXUe Rf AF, RQe caQ VXbWUacW AF fURm Whe cRmbiQed VigQal WR RbWaiQ a YalXe fRU
GFP emiVViRQ. IQdeed, if Ze VXbWUacW Whe flXRUeVceQce emiVViRQ VSecWUXm Rf aXWRflXRUeVceQce
meaVXUed iQ XQlabeled embU\RV fURm Whe VSecWUXm RbWaiQed fURm embU\RV e[SUeVViQg
PAR-6::GFP, Ze almRVW SeUfecWl\ UecRYeU Whe WheRUeWical VSecWUXm fRU GFP (FigXUe 1C). The
challeQge iV WheUefRUe WR fiQd a meWhRd Rf TXaQWif\iQg AF diUecWl\ iQ embU\RV alVR e[SUeVViQg
GFP.

OQe VWUaWeg\ fRU TXaQWif\iQg AF WakeV adYaQWage Rf Whe diVWiQcW VSecWUal SURSeUWieV Rf AF WhaW
allRZ iW WR be TXaQWified iQ aQ AF-UeSRUWiQg chaQQel diVWiQcW fURm WhaW XVed fRU meaVXUiQg GFP,
heUeafWeU AF CKDQQHO (AlbeUWi eW al., 1987; RRedeUeU aQd MXUSh\, 1986). OQe caQ XVe AF
ChaQQel meaVXUemeQWV WR cRUUecW fRU AF iQ Whe GFP ChaQQel (FigXUe 1D).

IQ C. HOHJDQV embU\RV, AF SeakV iQ Whe gUeeQ-WR-\ellRZ ZaYeleQgWhV RYeUlaSSiQg GFP, bXW
e[WeQdiQg fXUWheU iQWR Whe Ued (FigXUe 1C)(HeSSeUW eW al., 2016; PiQcXV eW al., 2016). IW caQ
WheUefRUe be caSWXUed RQ a UelaWiYel\ VelecWiYe baViV WhURXgh Whe XVe Rf a VXiWabl\ Ued-VhifWed
emiVViRQ filWeU, VXch aV WhRVe W\Sicall\ XVed fRU Ued flXRUeVceQW SURWeiQV. We WheUefRUe VSecif\
Whe AF ChaQQel aV e[488/em630/75. NRWe WhaW iQ SUacWice WheUe Zill be a VlighW VSillRYeU Rf GFP
VigQal iQWR Whe AF chaQQel, Zhich cRXld lead WR RYeUeVWimaWiRQ Rf AF; hRZeYeU, becaXVe
VSillRYeU iV QeceVVaUil\ SURSRUWiRQal WR GFP amRXQWV, iW caQ be eaVil\ accRXQWed fRU (Vee
MeWhRdV). TR eVWabliVh aQ AF cRUUecWiRQ fXQcWiRQ beWZeeQ chaQQelV, Ze SeUfRUmed a liQeaU
UegUeVViRQ RQ flXRUeVceQce Si[el YalXeV RbWaiQed fURm imageV Rf XQlabeled embU\RV caSWXUed iQ
bRWh Whe GFP aQd AF chaQQelV, ZheUe all VigQal iV aWWUibXWable WR AF. We RbWaiQed VWURQg liQeaU
cRUUelaWiRQV (R2 > 0.8) WhaW ZeUe VimilaU beWZeeQ embU\RV (FigXUe 1E). A QeaUl\ ideQWical
cRUUelaWiRQ ZaV RbVeUYed ZheQ Ze SlRWWed Whe meaQ iQWeQViW\ YalXeV Rf eQWiUe iQdiYidXal
embU\RV (R2 = 0.952, FigXUe 1F), iQdicaWiQg WhaW Whe Vame cRUUecWiRQ fXQcWiRQ caQ accRXQW fRU
bRWh iQWUa- aQd iQWeU-embU\R AF YaUiaWiRQ. ThXV, Ze caQ XVe AF meaVXUemeQW iQ Whe AF ChaQQel
WR accXUaWel\ iQfeU aQd WheUefRUe VXbWUacW RXW AF VigQal fURm Whe GFP ChaQQel aQd RbWaiQ aQ
accXUaWe meaVXUe Rf µWUXe GFP¶ VigQal (FigXUe 1D).

AV SURRf Rf SUiQciSle, Ze caSWXUed imageV Rf embU\RV e[SUeVViQg a GFP fXViRQ WR CDC-25.3
fURm Whe eQdRgeQRXV lRcXV. CDC-25.3 e[SUeVViRQ iV UeSUeVVed XQWil eaUl\ embU\RgeQeViV,
UeSRUWedl\ becRmiQg YiVible aV embU\RV SURgUeVV be\RQd Whe 8-cell VWage (TVXkamRWR eW al.,
2017). UViQg RXU AF cRUUecWiRQ meWhRd, Ze ZeUe able WR RbVeUYe cleaU QXcleaU lRcali]aWiRQ
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SAIBR AXWRflXRUeVceQce CRUUecWiRQ 5

alUead\ aW Whe VWaUW Rf Whe 4-cell VWage aQd accXUaWel\ WUack iWV accXmXlaWiRQ aQd UeleaVe aW
NEBD aW a Wime aW Zhich AF almRVW cRmSleWel\ maVked iWV e[SUeVViRQ iQ XQcRUUecWed imageV
(FigXUe 1G).

We deVigQaWed WhiV SURWRcRl SSecWUal AXWRflXRUeVceQce Image cRUUecWiRQ B\ RegUeVViRQ
(SAIBR). A VchemaWic ZRUkflRZ iV SURYided iQ BR[ 1, ZiWh addiWiRQal deWailV iQ MeWhRdV.

AF FRUUHFWLRQ XVLQJ 6AIBR

We Qe[W XQdeUWRRk a deWailed TXaQWiWaWiYe aQal\ViV Rf Whe effecWiYeQeVV Rf SAIBR iQ bRWh
XQlabeled aQd GFP-labeled embU\RV. ASSl\iQg SAIBR WR XQlabeled embU\RV effecWiYel\ UedXced
RbVeUYed embU\R flXRUeVceQce iQ Whe GFP ChaQQel WR backgURXQd, VXggeVWiQg Ze accRXQWed
fRU QeaUl\ all AF VigQal iQ ]\gRWeV (FigXUe 2A). We WheQ aSSlied SAIBR WR embU\RV e[SUeVViQg
GFP fXViRQV WR LGL-1, PAR-3, RU PAR-6 fURm Whe UeVSecWiYe eQdRgeQRXV lRci (FigXUe 2B-D). FRU
bRWh LGL-1::GFP aQd PAR-3::GFP, SAIBR UeYealed a cleaU Seak iQ VigQal aW Whe SRVWeUiRU aQd
aQWeUiRU SlaVma membUaQeV, UeVSecWiYel\, WhaW ZaV RbVcXUed b\ AF iQ XQcRUUecWed imageV
(FigXUe 2B, 2C). EYeQ ZheQ aYeUagiQg cURVV-VecWiRQal membUaQe SURfileV acURVV mXlWiSle
embU\RV, membUaQe VigQal ZaV difficXlW WR diVceUQ iQ XQcRUUecWed daWa (FigXUe 2E, 2F, WRS). B\
cRQWUaVW, SAIBR UeVRlYed membUaQe VigQal iQWR a cleaU, Zell-defiQed Seak (FigXUe 2E, 2F,
bRWWRm). C\WRSlaVmic VigQal alVR became VXbVWaQWiall\ mRUe XQifRUm, Zhich ZaV mRVW cleaUl\
YiVible iQ Whe VXSSUeVViRQ Rf a lRcal flXRUeVceQce miQimXm iQ Whe embU\R ceQWeU dXe WR AF
e[clXViRQ b\ Whe SURQXclei aQd miWRWic VSiQdle UegiRQ. ImSURYemeQWV aUe alVR YiVible fRU
PAR-6::GFP-e[SUeVViQg embU\RV, WhRXgh Whe magQiWXde Rf imSURYemeQW iV leVV VWUikiQg dXe WR
Whe higheU UaWiR Rf GFP WR AF VigQal (FigXUe 2D, 2G). NRWe WhaW VimilaU UeVXlWV ZeUe achieYed RQ
bRWh VSiQQiQg diVk cRQfRcal (FigXUe 2) aQd Zidefield micURVcRS\ (SXSSlemeQWal FigXUe S1),
cRQfiUmiQg WhaW Whe meWhRd iV SlaWfRUm-iQdeSeQdeQW.

We Qe[W WXUQed WR TXaQWificaWiRQ Rf WRWal SURWeiQ cRQceQWUaWiRQV iQ embU\RV aQd cRmSaUed SAIBR
WR a meaQ AF VXbWUacWiRQ SURWRcRl (MeaQ AF SXbWUacWiRQ). FRU MeaQ AF SXbWUacWiRQ, Ze
eVWabliVh a meaQ AF VigQal iQ Whe GFP ChaQQel baVed RQ flXRUeVceQce VigQal meaVXUed acURVV
mXlWiSle XQlabeled embU\RV QRW e[SUeVViQg GFP aQd VimSl\ VXbWUacW WhiV YalXe fURm GFP
ChaQQel VigQal iQ GFP-e[SUeVViQg embU\RV. AV a WeVW, Ze XVed C. HOHJDQV liQeV e[SUeVViQg
GFP::PAR SURWeiQV deVcUibed abRYe aV Zell aV embU\RV WhaW aUe heWeUR]\gRXV fRU Whe SDU-6::JIS
fXViRQ aQd WhXV RQl\ half Rf Whe PAR-6 SRRl iV labeled. FRU PAR-6::GFP, bRWh SAIBR aQd MeaQ
AF SXbWUacWiRQ \ield Whe e[SecWed 2:1 UaWiR Rf GFP VigQal beWZeeQ hRmR]\gRXV aQd
heWeUR]\gRXV embU\RV (FigXUe 2H). HRZeYeU, b\ cRUUecWiQg fRU embU\R-WR-embU\R AF YaUiaWiRQ,
SAIBR VXbVWaQWiall\ UedXced Whe cRefficieQW Rf YaUiaWiRQ (c.R.Y.). We RbWaiQed VimilaU UeVXlWV fRU
PAR-3 aQd LGL-1 (FigXUe 2H). FRU LGL-1, iQ Zhich Whe GFP VigQal ZaV RQ Whe Vame RUdeU aV
YaUiaWiRQ iQ AF, Whe adYaQWage Rf SAIBR ZaV SaUWicXlaUl\ VWUikiQg. WheUeaV cRUUecWiRQ b\ MeaQ
AF SXbWUacWiRQ UeVXlWed iQ QegaWiYe YalXeV fRU GFP iQ embU\RV, Whe abiliW\ Rf SAIBR WR VXSSUeVV
Whe effecWV Rf embU\R-WR-embU\R YaUiaWiRQ iQ AF allRZed iW WR achieYe cRQViVWeQW aQd SRViWiYe
YalXeV fRU GFP VigQal iQ all embU\RV.
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BHQFKPDUNLQJ DJDLQVW DOWHUQDWLYH VWUDWHJLHV

TR beQchmaUk RXU meWhRd ZiWh RWheU aSSURacheV, Ze XVed aQ alWeUQaWiYe AF-miQimi]aWiRQ
VWUaWeg\ iQ Zhich Ze XVe a flXRURShRUe cRmSaWible ZiWh ZaYeleQgWhV WhaW miQimi]e AF
e[ciWaWiRQ. mNeRQGUeeQ (mNG) behaYeV VimilaUl\ WR GFP XQdeU VWaQdaUd GFP illXmiQaWiRQ
VeWWiQgV (488 Qm). HRZeYeU, dXe WR a VlighW VhifW iQ iWV e[ciWaWiRQ VSecWUXm, XQlike GFP, iW caQ be
efficieQWl\ e[ciWed b\ a \ellRZ-VhifWed laVeU liQe (514 Qm) WR VXbVWaQWiall\ UedXce AF (heUeafWeU,
PNG CKDQQHO, e[514/em550/50)(HeSSeUW eW al., 2016). CRQViVWeQW ZiWh WhiV RbVeUYaWiRQ, Whe
magQiWXde Rf AF VigQal aV meaVXUed iQ XQlabeled embU\RV UelaWiYe WR WRWal VigQal fRU embU\RV
e[SUeVViQg mNG::PAR-3 fURm Whe eQdRgeQRXV lRcXV iV UedXced >2.5-fRld iQ Whe mNG ChaQQel
UelaWiYe WR Whe GFP ChaQQel (cRmSaUe FigXUe 3A, 3B). We Qe[W cRmSaUed Whe effecWiYeQeVV Rf
AF cRUUecWiRQ iQ WhUee UegimeV, a VWaQdaUd Uegime XViQg Whe GFP ChaQQel aQd MeaQ AF
SXbWUacWiRQ aV deVcUibed iQ Whe SUeYiRXV VecWiRQ, aQ mNG-VSecific Uegime XViQg Whe mNG
ChaQQel aQd MeaQ AF SXbWUacWiRQ, aQd a Uegime XViQg Whe GFP ChaQQel bXW cRUUecWed b\
SAIBR. PlRWWiQg QRUmali]ed cRUUecWed VigQal, Ze fRXQd WhaW XViQg eiWheU Whe mNG ChaQQel RU
SAIBR UegimeV VhRZed VimilaU aQd VXbVWaQWial imSURYemeQW iQ Whe YaUiaQce Rf meaQ embU\R
flXRUeVceQce (FigXUe 3C), VXSSUeVViRQ Rf VSaWial YaU\iQg c\WRSlaVmic AF (FigXUe 3D), aQd
accXUaWe TXaQWificaWiRQ Rf membUaQe VigQal (FigXUe 3E). ThXV, SAIBR UeVXlWV iQ QeaUl\ ideQWical
imSURYemeQW iQ VigQal TXaQWiWaWiRQ aQd image TXaliW\ aV mNG-VSecific imagiQg cRQdiWiRQV, bXW
ZiWhRXW Whe Qeed fRU VSeciali]ed laVeU liQeV RU filWeU VeWV.

E[WHQVLRQ RI 6AIBR WR GXDO-ODEHOHG VDPSOHV

BecaXVe SAIBR UeTXiUeV meaVXUemeQW Rf AF iQ a Ued-VhifWed emiVViRQ chaQQel, Whe XVe Rf dXal
flXRURShRUe SaiUV VXch aV GFP/mNG WRgeWheU ZiWh RFP/mCheUU\/mKaWe caQ iQWURdXce
cRmSlicaWiRQV. SSecificall\, becaXVe Ued FPV (RFPV) aUe Zeakl\ e[ciWed b\ W\Sical ZaYeleQgWhV
XVed fRU GFP e[ciWaWiRQ, Whe\ Zill cRQWUibXWe WR aSSaUeQW AF, Zhich iV caSWXUed iQ Whe AF
ChaQQel. SR lRQg WhiV cRQWUibXWiRQ iV lRZ, i.e. fRU Zeak-WR-mRdeUaWe e[SUeVViRQ leYelV, iW caQ be
Vafel\ igQRUed (e.g. TH209, eQdRgeQRXV PAR-2::mCheUU\, FigXUe 4A). HRZeYeU, aW higheU
e[SUeVViRQ leYelV, Whe cRQWUibXWiRQ Rf RFP VigQal WR Whe AF ChaQQel becRmeV VigQificaQW (e.g.
NWG0033, mCheUU\::MEX-5, FigXUe 4A). AW VXch leYelV, WhiV bleedWhURXgh VigQal iQdXced a
deYiaWiRQ iQ Whe maSSiQg Rf AF beWZeeQ Whe AF aQd GFP ChaQQelV cRmSaUed WR N2 iQ
SURSRUWiRQ WR Whe degUee Rf RFP e[SUeVViRQ (FigXUe 4B) aQd leadV WR RYeUcRUUecWiRQ fRU AF iQ Whe
GFP ChaQQel if QRW SURSeUl\ accRXQWed fRU (e.g FigXUe 4F, lefW, 2-ChaQQel SAIBR). IQ SUiQciSle,
WhiV bleedWhURXgh VigQal Rf RFP iQ Whe AF ChaQQel iV SURSRUWiRQal WR Whe cRQceQWUaWiRQ Rf RFP
fXViRQ aQd WheUefRUe iV SURSRUWiRQal WR RFP VigQal caSWXUed XViQg VWaQdaUd RFP illXmiQaWiRQ
(RFP CKDQQHO, e[561/em630/75). We caQ WheUefRUe cRmSeQVaWe fRU bleedWhURXgh b\ XViQg iQSXWV
fURm bRWh Whe AF ChaQQel aQd Whe RFP ChaQQel WR eVWabliVh a UeYiVed 3-chaQQel SAIBR
cRUUecWiRQ fXQcWiRQ. TR WhiV eQd, Ze caSWXUed imageV Rf embU\RV e[SUeVViQg RQl\ RFP (QR GFP)
iQ Whe GFP, AF, aQd RFP ChaQQelV aQd SeUfRUmed a mXlWiSle liQeaU UegUeVViRQ iQ Zhich AF iQ Whe
GFP ChaQQel iV a fXQcWiRQ Rf VigQal iQ bRWh Whe AF aQd RFP ChaQQelV (FigXUe 4C, 4D, BR[ 1).
ASSl\iQg 3-ChaQQel SAIBR WR embU\RV e[SUeVViQg PAR-6::GFP ZiWh MEX-5::mCheUU\
elimiQaWeV RYeUVXbWUacWiRQ aQd \ielded meaVXUemeQWV WhaW ZeUe QeaUl\ ideQWical WR WhRVe fRU
embU\RV e[SUeVViQg PAR-6::GFP alRQe ZiWh QR iQcUeaVe iQ daWa VcaWWeU, YalidaWiQg Whe e[SaQded
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XVe Rf SAIBR WR dXal-labeled VamSleV (FigXUe 4E, 4F). AV a fXUWheU WeVW Rf iWV XVe iQ dXal-labeled
embU\RV, Ze XVed 3-ChaQQel SAIBR WR fRllRZ Whe UelaWiYe lRcali]aWiRQ Rf LGL-1::GFP aQd
PAR-6::mCheUU\ iQ Wime-laSVe UecRUdiQgV Rf eaUl\ embU\RV, Zhich SUeYiRXVl\ UeTXiUed mXlWi-cRS\
RYeU-e[SUeVViRQ Rf LGL-1::GFP (BeaWW\ eW al., 2010; HRege eW al., 2010)(SXSSlemeQWal MRYie 1).

EggVhell flXRUeVceQce iV aQRWheU iVVXe iQ C. HOHJDQV embU\RV WhaW VRmeWimeV aUiVeV aQd caQ
SRWeQWiall\ cRmSlicaWe SAIBR. EggVhell flXRUeVceQce iV XVXall\ UelaWiYel\ miQRU iQ Whe GFP aQd
AF ChaQQelV aQd caQ RfWeQ be igQRUed. HRZeYeU, eggVhell flXRUeVceQce iV YaUiable aQd ma\
RccaViRQall\ be VigQificaQW fRU VRme meWhRdV Rf VamSle SUeSaUaWiRQ aQd/RU mRXQWiQg (Vee
MeWhRdV). EggVhell flXRUeVceQce haV a diVWiQcW VSecWUal SURfile cRmSaUed WR Whe AF Ze haYe
diVcXVVed VR faU. IQdeed, iQ maQ\ UeVSecWV iW behaYeV VimilaUl\ WR aQ RFP, WhRXgh ZiWh a bURadeU
emiVViRQ VSecWUXm aQd heQce a VWURQgeU bleed-WhURXgh iQ Whe AF ChaQQel. PURQRXQced
eggVhell flXRUeVceQce iV SaUWicXlaUl\ SURblemaWic ZheQ TXaQWif\iQg flXRURShRUe VigQal aW Whe
SlaVma membUaQe becaXVe eggVhell flXRUeVceQce Zill UeVXlW iQ RYeUVXbWUacWiRQ Rf AF iQ UegiRQV
ZheUe Whe membUaQe aQd eggVhell aUe iQ cRQWacW (FigXUe 4G). HRZeYeU, VimilaU WR aQ RFP, iW
cRXld be cRmSeQVaWed fRU b\ WUeaWiQg iW aV a Ued flXRURShRUe aQd aSSl\iQg 3-ChaQQel SAIBR
(FigXUe 4G). IW iV imSRUWaQW WR QRWe WhaW becaXVe Whe emiVViRQ VSecWUXm Rf Whe eggVhell iV diVWiQcW
fURm RFPV, RQe caQQRW VimXlWaQeRXVl\ cRUUecW fRU bRWh eggVhell aQd RFP iQ Whe Vame VamSleV.

6AIBR LQ ODWH C. HOHJDQV HPEU\RV DQG ODUYDH

TR e[SaQd Whe aSSlicabiliW\ Rf WhiV meWhRd, Ze e[WeQded RXU aQal\ViV WR laWe embU\RV
(SRVW-gaVWUXlaWiRQ) aQd laUYal VWageV. AF iV kQRZQ WR be iQcUeaViQgl\ SURblemaWic iQ iQWeVWiQal
cellV aV C. HOHJDQV deYelRSmeQW SURceedV aQd aXWRflXRUeVceQW gXW gUaQXleV aUe fRUmed (LaXfeU
eW al., 1980). NRWe WhaW iQ XQlabeled 1.5-fRld VWage embU\RV, Whe cellV Rf Whe embU\R SRVWeUiRU
ZeUe YiVibl\ bUighWeU dXe WR AF VigQal iQ WhiV UegiRQ (FigXUe 5A). ThiV VigQal ZaV laUgel\
elimiQaWed b\ SAIBR (FigXUe 5A). We Qe[W e[amiQed Whe lRcali]aWiRQ Rf LGL-1::GFP (FigXUe 5B,
5C). SRme membUaQe VWaiQiQg Rf LGL iV YiVible RQ Whe SlaVma membUaQe iQ XQcRUUecWed
imageV, bXW ZaV RfWeQ RbVcXUed b\ AF. ThXV, Whe lRcaWiRQV Rf cellV iQ maQ\ aUeaV ZeUe RQl\
YiVible dXe WR Whe UedXced AF VigQal iQ Whe QXcleXV, SaUWicXlaUl\ iQ Whe deYelRSiQg iQWeVWiQe
(aUURZV). WiWh SAIBR, Whe membUaQe lRcali]aWiRQ Rf LGL-1::GFP ZaV mXch mRUe cleaUl\
UeVRlYed aQd Whe c\WRSlaVmic VigQal VigQificaQWl\ mRUe XQifRUm. NRWabl\, baVRlaWeUal membUaQe
lRcali]aWiRQ Rf LGL-1 iQ iQWeVWiQal cellV cRXld be cleaUl\ VeeQ, jX[WaSRVed WR aSical
PAR-6::mCheUU\ VigQal (aUURZheadV) aV RbVeUYed SUeYiRXVl\ iQ RYeU-e[SUeVViRQ liQeV (FigXUe
5C)(BeaWW\ eW al., 2010; Sallee eW al., 2021).

IQ L1 laUYa, gXW gUaQXleV aUe SaUWicXlaUl\ SURmiQeQW iQ iQWeVWiQal cellV iQ addiWiRQ WR Whe mRUe
diffXVe AF VigQal chaUacWeUiVWic Rf eaUlieU embU\RV. HeQce Ze ZeUe cXUiRXV hRZ SAIBR ZRXld
SeUfRUm (FigXUe 5D). WheQ aSSl\iQg SAIBR, Ze fRXQd WhaW a VXbVWaQWial fUacWiRQ Rf gUaQXle
flXRUeVceQce ZaV RYeU-VXbWUacWed, iQdicaWiQg WhaW Whe flXRUeVceQce SURfile Rf maWXUe gXW
gUaQXleV diffeUV fURm Whe mRUe diffXVe AF VigQal iQ Whe c\WRSlaVm (FigXUe 5D, WRS). ThiV
emShaVi]eV Whe SURblemV aVVRciaWed ZiWh Whe SUeVeQce Rf mXlWiSle, iQdeSeQdeQWl\ YaU\iQg
VRXUceV Rf AF. NRQeWheleVV, deVSiWe mRdeVW RYeUVXbWUacWiRQ Rf gUaQXleV, SAIBR VigQificaQWl\
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imSURYed YiVXali]aWiRQ Rf LGL-1::-GFP iQ WheVe WiVVXeV (FigXUe 5D, bRWWRm), UeYealiQg Whe
e[SecWed baVRlaWeUal SaWWeUQ Rf lRcali]aWiRQ iQ iQWeVWiQal cellV (CaVWigliRQi eW al., 2020). ThXV,
deVSiWe VRme RYeUVXbWUacWiRQ Rf gXW gUaQXle VigQal, RXU meWhRd caQ VWill imSURYe YiVXali]aWiRQ Rf
Zeakl\-e[SUeVVed flXRURShRUeV iQ bRWh laWe embU\R aQd laUYal VWageV.

A G8I-EDVHG FIJI 6AIBR SOXJLQ HQDEOHV VLPSOH AF FRUUHFWLRQ LQ GLYHUVH V\VWHPV

While Whe calibUaWiRQ aQd cRUUecWiRQ VWeSV iQYRlYed iQ SAIBR aUe UelaWiYel\ VWUaighWfRUZaUd, Ze
UecRgQi]e WhaW Whe Qeed WR imSlemeQW VXch a ZRUkflRZ ma\ limiW ZideVSUead adRSWiRQ.
TheUefRUe, WR faciliWaWe iWV XVe, Ze haYe imSlemeQWed SAIBR aV a VimSle GUI-baVed Fiji SlXgiQ
Zhich allRZV RXWSXW Rf AF-cRUUecWed imageV iQ a feZ eaV\ VWeSV (VXmmaUi]ed iQ BR[ 1). A
deWailed deVcUiSWiRQ Rf Whe SlXgiQ alRQg ZiWh fXll iQVWUXcWiRQV caQ be fRXQd WRgeWheU ZiWh VamSle
daWaVeWV aW hWWSV://giWhXb.cRm/gRehUiQglab/VaibU_fiji_SlXgiQ.

WiWh Whe SAIBR SlXgiQ iQ haQd, Ze VRliciWed VamSleV fURm a YaUieW\ Rf e[SeUimeQWal V\VWemV WR
YalidaWe iWV geQeUal VXiWabiliW\. TR WhiV eQd Ze RbWaiQed VXiWable VeWV Rf flXRUeVceQce imageV fRU
WZR V\VWemV WhaW e[hibiW aXWRflXRUeVceQce. IQ VWaUfiVh RRc\WeV, bUighW aXWRflXRUeVceQW cRUWical
gUaQXleV dRmiQaWe Whe VigQal iQ Whe GFP chaQQel, iQ WhiV caVe iQ cRmSaUiVRQ WR a UelaWiYel\ dim
VigQal fRU Whe mRWheU ceQWUiRle (FigXUe 6A). The SAIBR SlXgiQ VigQificaQWl\ VXSSUeVVed Whe AF
VigQal Rf gUaQXleV, W\Sicall\ leaYiQg Whe ceQWUiRle cleaUl\ YiVible UelaWiYe WR Whe UeVidXal AF VigQal
(FigXUe 6B). We RbVeUYed a VimilaU UedXcWiRQ iQ AF RUigiQaWiQg fURm YacXRleV iQ Whe fiVViRQ
\eaVW, 6. SRPEH, heUe VhRZQ UelaWiYe WR a mNG fXViRQ WR Whe ER/QXcleaU eQYelRSe-lRcali]ed
ShRVShaWaVe cRmSRQeQW Nem1 (FigXUe 6C). TheVe UeVXlWV cRQfiUm Whe SRWeQWial bURad
aSSlicabiliW\ Rf SAIBR fRU AF cRmSeQVaWiRQ iQ cell aQd deYelRSmeQWal V\VWemV.

DLVFXVVLRQ

HeUe Ze deVcUibe aQd YalidaWe a VimSle aQd eaV\-WR-XVe imSlemeQWaWiRQ fRU aXWRflXRUeVceQce
cRUUecWiRQ, SAIBR, SURYided aV a FIJI SlXgiQ. A VimSlified fRUm Rf VSecWUal imagiQg, Ze leYeUage
Whe W\Sicall\ bURad AF VSecWUXm WR allRZ accXUaWe eVWimaWiRQ aQd cRUUecWiRQ Rf AF VigQal iQ Whe
GFP ChaQQel. SAIBR iV SlaWfRUm-iQdeSeQdeQW aQd UelieV RQl\ RQ cRmmRQl\ aYailable GFP/RFP
illXmiQaWiRQ VRXUceV aQd filWeU VeWV. YeW SAIBR \ieldV VimilaU SeUfRUmaQce WR mRUe VSeciali]ed
meWhRdV iQ bRWh ViQgle aQd dXal flXRURShRUe labeled VamSleV, eQabliQg Whe YiVXali]aWiRQ aQd
accXUaWe TXaQWificaWiRQ Rf eYeQ Zeakl\ e[SUeVVed SURWeiQV WhaW aUe aW Whe limiWV Rf deWecWiRQ
abRYe AF.

OXU aim ZaV WR SURYide a WRRl WhaW ZRXld eQable UegXlaU aQd ZideVSUead XVe Rf AF cRUUecWiRQ b\
Whe UeVeaUch cRmmXQiW\ aV SaUW Rf da\-WR-da\ iQYeVWigaWiRQ. AXWRflXRUeVceQce iV a SaUWicXlaUl\
cRmmRQ SURblem ZheQ imagiQg GFP iQ a QXmbeU Rf V\VWemV ZiWh VRXUceV iQclXdiQg \Rlk aQd
cRUWical gUaQXleV, e[WUacellXlaU maWUi[, aQd l\VRVRmal cRmSaUWmeQWV. While mRUe cRmSle[
VRlXWiRQV e[iVW, aV Ze haYe VhRZQ, SAIBR SURYideV a VimSle aQd VWUaighWfRUZaUd VRlXWiRQ WhaW iV
likel\ WR ZRUk efficieQWl\ iQ maQ\ cRQWe[WV. The eaVe Rf XVe Rf Whe SAIBR SlXgiQ aQd Whe geQeUic
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imagiQg cRQdiWiRQV UeTXiUed meaQ WhaW iW cRVWV XVeUV liWWle WR WeVW RQ WheiU V\VWem Rf chRice,
allRZiQg RQe WR TXickl\ deWeUmiQe ZheWheU a mRUe cRmSle[ aSSURach iV UeTXiUed.

The VimSliciW\ aQd SlaWfRUm iQdeSeQdeQce Rf SAIBR allRZ iW WR be iQWegUaWed iQWR a YaUieW\ Rf
e[SeUimeQWal ZRUkflRZV ZiWh miQimal e[WUa iQYeVWmeQW Rf Wime aQd UeVRXUceV. We eQYiViRQ WhaW
SAIBR aQd iWV SRWeQWial WR dUiYe ZideVSUead adRSWiRQ Rf URXWiQe AF cRUUecWiRQ VhRXld eQable
QeZ e[SeUimeQWal aSSURacheV. IQ Whe C. HOHJDQV embU\R, fRU e[amSle, b\ allRZiQg accXUaWe AF
cRUUecWiRQ RQ a SeU embU\R baViV, QRW RQl\ Zill WhiV meWhRd SURYide imSURYed meaVXUemeQW Rf
SURWeiQ cRQceQWUaWiRQ aQd VXbcellXlaU diVWUibXWiRQ ZiWhiQ cellV, bXW iW Zill alVR allRZ XV WR addUeVV
TXeVWiRQV UelaWed WR SURWeiQ dRVage, VXch aV aVVeVViQg YaUiabiliW\ Rf SURWeiQ e[SUeVViRQ aQd iWV
SRWeQWial effecW RQ deYelRSmeQWal SaWhZa\V.

IQ SUiQciSle, WheUe iV QR Qeed WR UeVWUicW RQeVelf WR Whe ZaYeleQgWhV XVed heUe, Zhich ZeUe
chRVeQ WR VRlYe Whe SaUWicXlaU SURblem Rf GFP ChaQQel aXWRflXRUeVceQce. The WechQiTXe iWVelf
RQl\ UeTXiUeV Whe ideQWificaWiRQ Rf aQ aSSURSUiaWe chaQQel WhaW caQ be XVed WR iQfeU AF iQ Whe
deViUed flXRURShRUe-UeSRUWiQg chaQQel aQd heQce VhRXld be Zell VeSaUaWed fURm Whe chaQQel
XVed fRU flXRURShRUe imagiQg.

AW Whe Vame Wime, VimSliciW\ aQd fle[ibiliW\ cRme ZiWh ceUWaiQ WUadeRffV. FiUVW, SAIBR UeTXiUeV
ideQWificaWiRQ Rf aQ AF chaQQel WhaW iV UeaVRQabl\ Zell-iVRlaWed fURm Whe UeSRUWeU chaQQel fRU Whe
flXRURShRUe Rf iQWeUeVW. SecRQd, iW UelieV RQ Whe e[iVWeQce Rf aQ AF VigQal WhaW e[hibiWV a
cRQViVWeQW cRUUelaWiRQ beWZeeQ AF aQd flXRURShRUe chaQQelV aQd heQce iV QRW VXiWed WR VamSleV
ZiWh mXlWiSle, iQdeSeQdeQWl\ YaU\iQg VRXUceV Rf AF. ThiUd, SAIBR cRmbiQeV Si[el QRiVe fURm
mXlWiSle chaQQelV, effecWiYel\ amSlif\iQg ValW-aQd-SeSSeU QRiVe iQ imageV, WhRXgh RQe cRXld iQ
SUiQciSle aSSl\ cRmSXWaWiRQal deQRiViQg VWUaWegieV WR UedXce WhiV effecW (KUXll eW al., 2019).
FiQall\, aV imSlemeQWed heUe, SAIBR UeTXiUeV RQe WR caSWXUe imageV iQ aW leaVW WZR emiVViRQ
chaQQelV, effecWiYel\ dRXbliQg VamSle illXmiQaWiRQ aQd miQimXm Wime iQWeUYalV The Wime lag
beWZeeQ fUameV ma\ alVR lead WR Si[el miVmaWcheV beWZeeQ GFP aQd AF chaQQelV fRU VamSleV
e[hibiWiQg UaSid mRWiRQ. HRZeYeU, WhiV laVW limiWaWiRQ caQ be b\SaVVed ZiWh VXiWable RSWicV WR
allRZ fRU VimXlWaQeRXV caSWXUe Rf mXlWiSle emiVViRQ baQdV.

IQ VXmmaU\, b\ cRmbiQiQg eaVe Rf imSlemeQWaWiRQ aQd accXUaWe AF cRUUecWiRQ ZiWh UelaWiYel\
feZ WUadeRffV, Ze hRSe SAIBR Zill helS faciliWaWe ZideVSUead adRSWiRQ Rf aXWRflXRUeVceQce
cRUUecWiRQ aQd eQable mRUe accXUaWe TXaQWificaWiRQ Rf Whe cRQceQWUaWiRQ aQd diVWUibXWiRQ Rf
flXRUeVceQWl\-Wagged SURWeiQV iQ liYe cellV aQd WiVVXeV.

MHWKRGV

C. HOHJDQV - VWUDLQV DQG PDLQWHQDQFH
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C. HOHJDQV VWUaiQV ZeUe maiQWaiQed RQ OP50 bacWeUial laZQV Veeded RQ QemaWRde gURZWh
media (NGM) aW 20ÛC XQdeU VWaQdaUd labRUaWRU\ cRQdiWiRQV (SWieUQagle, 2006). SWUaiQV aUe liVWed
iQ SXSSlemeQWal Table S1. OP50 bacWeUia ZeUe RbWaiQed fURm CGC.

C. HOHJDQV - VWUDLQ FRQVWUXFWLRQ

MXWaWiRQ b\ CRISPR-CaV9 ZaV SeUfRUmed baVed RQ Whe SURWRcRl SXbliVhed b\ (DRkVhiQ eW al.,
2018). BUiefl\, WUacURNA (IDT DNA, 0.5�L aW 100�M) aQd cURNA(V) fRU Whe WaUgeW (IDT DNA,
2.7�L aW 100�M) ZiWh dXSle[ bXffeU (IDT DNA, 2.8�L) ZeUe aQQealed WRgeWheU (5 miQ, 95ÛC) aQd
WheQ VWRUed aW URRm WemSeUaWXUe XQWil UeTXiUed. PCR SURdXcWV cRQWaiQiQg Whe iQVeUW DNA
VeTXeQce (GFP iQ WhiV iQVWaQce) aQd iQVeUW ZiWh aQ addiWiRQal 130 bS hRmRlRg\ WR Whe iQVeUWiRQ
ViWe ZeUe geQeUaWed, cRlXmQ-SXUified (QiageQ, QIATXick PCR SXUificaWiRQ kiW), mi[ed iQ
eTXimRlaU amRXQWV, deQaWXUed b\ heaWiQg WR 95ÛC, aQd fRllRZed b\ aQQealiQg WhRURXgh VlRZ
cRRliQg WR URRm WemSeUaWXUe WR geQeUaWe a SRRl Rf SURdXcWV ZiWh lRQg ViQgle VWUaQded DNA
RYeUhaQgV WR acW aV Whe UeSaiU WemSlaWe. AQ iQjecWiRQ mi[ cRQWaiQiQg CaV9 (IDT DNA, 0.5�L aW
10mg/mL), aQQealed cURNA, WUacURNA, aQd Whe UeSaiU WemSlaWe ZaV iQcXbaWed aW 37ÛC fRU 15
miQ aQd ceQWUifXged WR UemRYe debUiV (15 miQ, 14,500USm). YRXQg gUaYid N2 adXlWV ZeUe
iQjecWed alRQg ZiWh a GS\-10 cR-CRISPR iQjecWiRQ maUkeU (AUUibeUe eW al., 2014) aQd mXWaQWV
ideQWified b\ PCR aQd VeTXeQce YeUified. ReVXlWiQg liQeV ZeUe backcURVVed ZiWh N2V WZice
befRUe XVe. SeTXeQceV aYailable iQ Table S1.

C. HOHJDQV - GLVVHFWLRQ DQG PRXQWLQJ IRU PLFURVFRS\

FRU mRVW e[SeUimeQWV, eaUl\ embU\RV ZeUe diVVecWed fURm gUaYid heUmaShURdiWeV iQ 5-6 �L Rf
M9 bXffeU (22 mM KH2PO4, 42 mM NaHPO4, 86 mM NaCl aQd 1 mM MgSO4) RQ a cRYeUVliS aQd
mRXQWed XQdeU 2% M9 agaURVe SadV (ZiSSeUleQ eW al., 2001). IQ VRme iQVWaQceV (FigXUe 1B, 1G,
2A, 2B, 2E, 3, aQd SXSSlemeQWal FigXUe S1), WR miQimi]e eggVhell aXWRflXRUeVceQce WhaW ma\ be
SURmiQeQW ZiWh agaURVe mRXQWV, embU\RV ZeUe diVVecWed iQ 8-10 �L Rf egg bXffeU (118 mM
NaCl, 48 mM KCl, 2 mM CaCl2 2 mM MgCl2, 25 mM HEPES, SH 7.3), aQd mRXQWed ZiWh 20 �m
SRl\VW\UeQe beadV (PRl\VcieQceV, IQc.) beWZeeQ a Vlide aQd cRYeUVliS aV iQ (RRdUigXe] eW al.,
2017).

TR haUYeVW laWe embU\RV (FigXUe 5A-C), gUaYid ZRUmV ZeUe allRZed WR la\ embU\RV fRU 4-5h aW
20ÛC. EmbU\RV ZeUe cRllecWed aQd mRXQWed iQ 8-10 �L Rf egg bXffeU VXSSlemeQWed ZiWh 18.8�m
SRl\VW\UeQe beadV (PRl\VcieQceV, IQc.).

L1 laUYa (FigXUe 5D) ZeUe cRllecWed fURm SlaWeV ZheUe gUaYid adXlW ZRUmV ZeUe allRZed WR la\
eggV fRU 12-13h aW 20ÛC. WhRle laUYa ZeUe WheQ mRXQWed beWZeeQ a 2% M9 agaURVe Sad aQd
cRYeUVliS iQ M9 cRQWaiQiQg 0.1�m SRl\VW\UeQe beadV (PRl\VcieQceV, IQc.) aQd 10 mM LeYamiVRle
WR iQdXce ZRUm SaUal\ViV (Reich eW al., 2019).

C. HOHJDQV - FOXRUHVFHQFH PLFURVFRS\
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UQleVV VSecified RWheUZiVe, midVecWiRQ cRQfRcal imageV ZeUe caSWXUed RQ a NikRQ TiE ZiWh a
60[/1.40 NA Ril RbjecWiYe, fXUWheU eTXiSSed ZiWh a cXVWRm X-LighW V1 VSiQQiQg diVk V\VWem
(CUeVWOSWicV, RRme, IWal\) ZiWh 50௓�m VliWV, ObiV 488/561 fibeU-cRXSled diRde laVeUV (CRheUeQW,
SaQWa ClaUa, CA) aQd aQ EYRlYe DelWa EMCCD cameUa (PhRWRmeWUicV, TXVcRQ, AZ). ImagiQg
V\VWemV ZeUe UXQ XViQg MeWamRUSh (MRlecXlaU DeYiceV, SaQ JRVe, CA) aQd cRQfigXUed b\ CaiUQ
ReVeaUch (KeQW, UK). FilWeU VeWV ZeUe fURm ChURma (BellRZV FallV, VT): ZT488/561USc,
ZET405/488/561/640X, ET535/50m, ET630/75m. FRU laWe embU\R aQd laUYal imagiQg, a 1.5[
magQificaWiRQ ZaV aSSlied (XViQg TiE iQWeUmediaWe magQificaWiRQ VZiWchiQg).

MidVecWiRQ Zide-field flXRUeVceQce imageV ZeUe caSWXUed RQ a NikRQ TiE ZiWh a 60[/1.40 NA Ril
RbjecWiYe, fXUWheU eTXiSSed ZiWh a SSecWUa-X LighW EQgiQe (LXmeQcRU, IQc., BeaYeUWRQ, OR).
ImagiQg V\VWemV ZeUe UXQ XViQg MeWamRUSh (MRlecXlaU DeYiceV, SaQ JRVe, CA) aQd cRQfigXUed
b\ CaiUQ ReVeaUch (KeQW, UK). FilWeU VeWV ZeUe fURm ChURma (BellRZV FallV, VT): ET490/20[,
ET525/50m, ET632/60m.

TR RbWaiQ Whe emiVViRQ VSecWUa VhRZQ iQ FigXUe 1C, embU\RV ZeUe imaged XQdeU 488 Qm
e[ciWaWiRQ aW cRQVecXWiYe 20-Qm ZaYebaQdV RYeU Whe UaQge Rf 510-710 Qm (\ieldiQg lambda
VWackV Rf 10 imageV SeU embU\R). WaYeleQgWh-VcaQV ZeUe SeUfRUmed RQ a Leica TCS SP8
iQYeUWed micURVcRSe (Leica MicURV\VWemV LWd, WeW]laU, GeUmaQ\), eTXiSSed ZiWh aQ ASR CS2
63[/1.40 NA Ril RbjecWiYe aQd a H\D deWecWiRQ V\VWem. ImagiQg ZaV maQaged ZiWh LAS X
VRfWZaUe (Leica MicURV\VWemV LWd, WeW]laU, GeUmaQ\), aQd acTXiViWiRQ ZaV VeW aW a VcaQQiQg
VSeed Rf 700 H] ZiWh SiQhRle aSeUWXUe VeW WR 2 AU.

FRU midVecWiRQ cRQfRcal imagiQg Rf mNG-e[SUeVViQg embU\RV aQd cRmSaUiVRQ beWZeeQ 488 Qm
aQd 514 Qm e[ciWaWiRQ cRQfigXUaWiRQV (Vee FigXUe 3), e[SeUimeQWV ZeUe SeUfRUmed RQ a Leica
SP8 micURVcRSe (aV abRYe) aW Whe iQdicaWed emiVViRQ filWeU VeWWiQgV. AcTXiViWiRQ ZaV VeW aW a
VcaQQiQg VSeed Rf 600 H] aQd SiQhRle aSeUWXUe ZaV VeW aW 3 AU.

C. HOHJDQV - LPDJH SURFHVVLQJ DQG TXDQWLILFDWLRQ

IQ VRme caVeV (FigXUe 1 (e[ceSW G), FigXUe 2, FigXUe 4, SXSSlemeQWal FigXUe S2 aQd S3),
imageV Rf embU\RV/VamSleV ZeUe WakeQ alRQgVide a lRcal backgURXQd image (ZiWh QR VamSleV
iQ Whe field Rf YieZ), Zhich ZaV VXbWUacWed fURm Whe image SUiRU WR aQal\ViV. ThiV VWeS caQ XVXall\
be RmiWWed ZiWhRXW mXch deWUimeQW, aV aQ eYeQ aQd cRQViVWeQW backgURXQd VigQal caQ be
facWRUed iQWR Whe calibUaWiRQ SaUameWeUV. HRZeYeU, backgURXQd VXbWUacWiRQ ma\ imSURYe imageV
iQ caVeV ZheUe Whe backgURXQd VigQal iV XQeYeQ RU YaUiable. IQ VRme caVeV, a mediaQ filWeU
(diameWeU 1 S[) ZaV aSSlied befRUe iQcRUSRUaWiRQ iQ figXUeV.

WhRle-embU\R flXRUeVceQce iQWeQViWieV aUe defiQed aV Whe meaQ Si[el iQWeQViW\ ZiWhiQ a maQXall\
defiQed UegiRQ Rf iQWeUeVW (ROI) eQcRmSaVViQg Whe embU\R.

IQdiYidXal cURVV-membUaQe SURfileV ZeUe e[WUacWed b\ WakiQg 50-Si[el liQe SURfileV SeUSeQdicXlaU
WR aQd ceQWeUed RQ Whe SlaVma membUaQe, XViQg bicXbic VSliQe iQWeUSRlaWiRQ. PURfileV ZeUe
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WakeQ aW Si[el-ZidWh iQWeUYalV aURXQd Whe ciUcXmfeUeQce Rf Whe embU\R, aQd aYeUaged RYeU Whe
SRVWeUiRU-mRVW (FigXUe 2E) RU aQWeUiRU-mRVW (FigXUe 2F, 2G) 30% Rf Whe embU\R¶V ciUcXmfeUeQce.

6AIBR - AXWRIOXRUHVFHQFH FRUUHFWLRQ

2 CKDQQHOV

FlXRUeVceQce VigQal iQ Whe GFP ChaQQel (GObVeUYed) Rf aQ image caQ be deVcUibed aV a liQeaU
VXm Rf WUXe GFP (GGFP) aQd aXWRflXRUeVceQce (GAF) cRQWUibXWiRQV:

GOEVHUYHG = GGFP + GAF

The aim Rf WhiV SURcedXUe iV WR eVWimaWe GAF iQ a giYeQ image, eiWheU RQ a ZhRle-VamSle RU
Si[el-b\-Si[el baViV, VR WhaW WhiV caQ be VXbWUacWed aZa\ aQd GGFP deWeUmiQed. OXU meWhRd
e[SlRiWV Whe facW WhaW aXWRflXRUeVceQce haV a bURad emiVViRQ VSecWUXm, aQd WheUefRUe caQ be
caSWXUed iQ a Ued-VhifWed AF ChaQQel (A):

AOEVHUYHG = AAF

We aVVXme Whe cRQWUibXWiRQ Rf GFP WR WhiV chaQQel WR be YeU\ Vmall (AGFP a 0), RZiQg WR Whe
QaUURZ emiVViRQ VSecWUXm Rf GFP (hRZeYeU WhiV aVVXmSWiRQ caQ be Uela[ed, aV deVcUibed iQ Whe
VecWiRQ GFP VSLOORYHU FRUUHFWLRQ). AVVXmiQg WhaW aXWRflXRUeVceQce caQ be deVcUibed aV a ViQgle
cRmSRQeQW ZiWh a chaUacWeUiVWic emiVViRQ VSecWUXm, GAF aQd AAF (= AObVeUYed) aUe e[SecWed WR be
liQeaUl\ SURSRUWiRQal:

GAF = PAOEVHUYHG + F

TheUefRUe, SURYided WhaW Whe aSSURSUiaWe iQWeU-chaQQel cRQYeUViRQ facWRUV (m aQd c) aUe kQRZQ,
GAF caQ be calcXlaWed fURm AObVeUYed XViQg Whe abRYe eTXaWiRQ. PaUameWeUV m aQd c caQ be
deWeUmiQed b\ SeUfRUmiQg liQeaU UegUeVViRQ RQ daWa fURm GFP-fUee VamSleV (fRU Zhich GObVeUYed =
GAF), aV deVcUibed iQ Whe VecWiRQ CDOFXODWLRQ RI LQWHU-FKDQQHO FRUUHFWLRQ IDFWRUV. The c SaUameWeU
iV iQclXded WR accRXQW fRU SRWeQWial diffeUeQceV iQ backgURXQd iQWeQViW\ beWZeeQ Whe WZR
chaQQelV.

3 CKDQQHOV

The abRYe aQal\ViV caQ bUeak dRZQ iQ VamSleV cRQWaiQiQg Ued flXRURShRUe, Zhich caQ be
Zeakl\ e[ciWed b\ 488 Qm laVeUV, WheUefRUe addiQg aQ e[WUa VigQal cRmSRQeQW WR Whe A chaQQel
(ARFP):

AOEVHUYHG = AAF + ARFP
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We caQ accRXQW fRU WhiV cRQWUibXWiRQ b\ XViQg Whe RFP ChaQQel (R), Zhich iV VSecific fRU RFP
flXRURShRUe (RGFP a 0) aQd W\Sicall\ fUee Rf aXWRflXRUeVceQce (RAF a 0), aV aQ iQdeSeQdeQW
UeadRXW Rf RFP leYelV:

ROEVHUYHG = RRFP

AV ARFP aQd RRFP (= RObVeUYed) aUe e[SecWed WR be liQeaU SURSRUWiRQal, AAF, aQd WheUefRUe GAF caQ
be deVcUibed aV liQeaU fXQcWiRQV Rf AObVeUYed aQd RObVeUYed:

AAF = AOEVHUYHG + PROEVHUYHG

GAF = P1AOEVHUYHG + P2ROEVHUYHG + F

TheUefRUe, SURYided WhaW Whe aSSURSUiaWe iQWeU-chaQQel cRQYeUViRQ facWRUV (m1, m2 aQd c) aUe
kQRZQ, GAF caQ be calcXlaWed fURm AObVeUYed aQd RObVeUYed XViQg Whe abRYe eTXaWiRQ. The
deWeUmiQaWiRQ Rf WheVe SaUameWeUV iV deVcUibed belRZ. AV befRUe, Whe c SaUameWeU iV iQclXded WR
accRXQW fRU SRWeQWial diffeUeQceV iQ backgURXQd iQWeQViW\ beWZeeQ Whe chaQQelV.

CDOFXODWLRQ RI LQWHU-FKDQQHO FRUUHFWLRQ IDFWRUV

FRU WZR-chaQQel SAIBR, cRUUecWiRQ SaUameWeUV ZeUe calcXlaWed b\ SeUfRUmiQg Whe fRllRZiQg
liQeaU UegUeVViRQ RQ daWa fURm XQlabeled VamSleV (fRU Zhich GObVeUYed = GAF):

GOEVHUYHG = PAOEVHUYHG + F

WheUe a Ued flXRURShRUe iV SUeVeQW, bleedWhURXgh iQWR Whe A chaQQel mXVW alVR be accRXQWed fRU
b\ XViQg a WhUee-chaQQel meWhRd. TheVe SaUameWeUV ZeUe RbWaiQed b\ SeUfRUmiQg mXlWiSle
liQeaU UegUeVViRQ XViQg WhUee-chaQQel daWa fURm aSSURSUiaWe RFP-RQl\ VamSleV:

GOEVHUYHG = P1AOEVHUYHG + P2ROEVHUYHG + F

NRWe WhaW iQ WhiV VWXd\ Ze XVed WZR meWhRdV WR SURYide daWa fRU Whe UegUeVViRQV fRU C. HOHJDQV
embU\RV: ZhRle-embU\R aQd Si[el-b\-Si[el. IQ Whe ZhRle embU\R meWhRd GObVeUYed aQd AObVeUYed

(aQd RObVeUYed) UeSUeVeQW meaQ ZhRle-embU\R iQWeQViW\ meaVXUemeQWV fRU a VeUieV Rf embU\RV
(Vee VecWiRQ QXDQWLILFDWLRQ RI ZKROH-HPEU\R IOXRUHVFHQFH LQWHQVLWLHV). IQ Whe Si[el-b\-Si[el
meWhRd GObVeUYed aQd AObVeUYed (aQd RObVeUYed) UeSUeVeQW Si[el YalXeV WakeQ fURm maQXall\ VelecWed
ROIV cRYeUiQg Whe eQWiUe embU\R aQd a SRUWiRQ Rf Whe backgURXQd, SRRled fURm aW leaVW WhUee
embU\RV. We QRWed WhaW XViQg UaZ Si[el YalXeV \ielded UelaWiYel\ lRZ cRUUelaWiRQV beWZeeQ
chaQQelV, bXW WhaW cRUUelaWiRQV iQcUeaVed b\ fiUVW aSSl\iQg a GXaVViaQ filWeU WR Whe imageV WR
UedXce ValW aQd SeSSeU QRiVe (SXSSlemeQWal FigXUe S2). A GaXVViaQ UadiXV Rf beWZeeQ 1 aQd 2
Si[elV ZaV XVed fRU all aQal\ViV iQ WhiV VWXd\. LiQeaU UegUeVViRQV ZeUe SeUfRUmed XViQg aQ
RUdiQaU\ leaVW VTXaUeV meWhRd. The SlXgiQ XVeV Whe laWWeU Si[el meWhRd.
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NRWe WhaW calibUaWiRQ VamSleV ZeUe WakeQ cRQWemSRUaQeRXVl\ ZiWh WeVW VamSleV aQd imaged
XQdeU ideQWical cRQdiWiRQV aV chaQgeV WR e[ciWaWiRQ / emiVViRQ SaUameWeUV Zill QeceVVaUil\ alWeU
Whe SaUameWeUV Rf Whe cRUUecWiRQ fXQcWiRQ.

GFP VSLOORYHU FRUUHFWLRQ

The lRQg Wail Rf Whe GFP emiVViRQ VSecWUXm meaQV WhaW a Vmall fUacWiRQ Rf GFP emiVViRQ Zill
aSSeaU iQ Whe AF ChaQQel. ThiV VSillRYeU Rf GFP VigQal iQWR Whe AF ChaQQel Zill aUWificiall\ iQflaWe
AAF aQd WheUefRUe UeVXlW iQ RYeUVXbWUacWiRQ XSRQ aSSlicaWiRQ Rf SAIBR. HRZeYeU, becaXVe Whe
magQiWXde Rf WhiV effecW iV alZa\V SURSRUWiRQal WR GFP cRQceQWUaWiRQ, iW VimSl\ UeVcaleV Whe
magQiWXde Rf GGFP aQd WhXV caQ be Vafel\ igQRUed fRU QRUmali]ed daWa RU fRU UelaWiYe
cRmSaUiVRQV beWZeeQ diffeUeQW GFP-cRQWaiQiQg VamSleV. AlWeUQaWiYel\, Whe magQiWXde Rf WhiV
effecW caQ be meaVXUed aQd a cRUUecWiRQ aSSlied. See SXSSlemeQWal FigXUe S3 fRU addiWiRQal
deWailV.

AGGLWLRQDO MHWKRGV - 6WDUILVK RRF\WHV

SWaUfiVh (P. PLQLDWD, alVR kQRZQ aV A. PLQLDWD) RRc\We cRllecWiRQ aQd iQjecWiRQ ZaV SeUfRUmed aV
deVcUibed befRUe (BRUUegR-PiQWR eW al., 2016a; TeUaVaki, 1994). BUiefl\, VWaUfiVh ZeUe RbWaiQed
fURm SRXWheUQ CalifRUQia Sea UUchiQ CR., MaUiQXV ScieQWific, SRXWh CRaVW BiR-MaUiQe, RU
MRQWeUe\ AbalRQe CR. aQd maiQWaiQed iQ VeaZaWeU WaQkV aW 16�C aW Whe EXURSeaQ MRlecXlaU
BiRlRg\ LabRUaWRU\ (EMBL) MaUiQe FaciliW\. The mRNA eQcRdiQg flXRUeVceQW mRWheU ceQWUiRlaU
Odf2-mEGFP (hWWSV://ZZZ.Qcbi.Qlm.Qih.gRY/QXccRUe/1040843242) (BRUUegR-PiQWR eW al., 2016b)
ZaV iQjecWed Whe da\ befRUe imagiQg, Zhile C\3-WXbXliQ (gifW fURm Whe Npdplec labRUaWRU\, EMBL,
HeidelbeUg, GeUmaQ\) ZaV iQjecWed VhRUWl\ befRUe imagiQg. AfWeU meiRWic maWXUaWiRQ ZiWh 10 �M
1-meWh\ladeQiQe (AcURV OUgaQicV), RRc\WeV ZeUe imaged RQ a Leica SP5 cRQfRcal micURVcRSe,
aV deVcUibed iQ (BRUUegR-PiQWR eW al., 2016b). SeTXeQWial VcaQQiQg ZaV SeUfRUmed: iQ a fiUVW
VcaQ, 488 Qm e[ciWaWiRQ ZaV cRXSled WR bRWh mEGFP aQd Ued-VhifWed emiVViRQ chaQQelV WR
UecRUd Odf2-mEGFP aQd aXWRflXRUeVceQce, UeVSecWiYel\. IQ a VecRQd VcaQ, 561 Qm e[ciWaWiRQ
ZaV cRmbiQed ZiWh Whe Vame Ued-VhifWed emiVViRQ chaQQel WR UecRUd C\3-TXbXliQ flXRUeVceQce.

AGGLWLRQDO MHWKRGV - 6. SRPEH

6FKL]RVDFFKDURP\FHV SRPEH (6. SRPEH) cellV ZeUe gURZQ iQ YES (\eaVW e[WUacW ZiWh
VXSSlemeQWV) mediXm RYeUQighW aW 30ÛC. PUiRU WR imagiQg, 1 mL 6. SRPEH cell cXlWXUe ZiWh
OD595Qm 0.4-0.6 ZaV cRQceQWUaWed WR 50 �L afWeU ceQWUifXgaWiRQ aW 1500[ g, 30 Vec. 2 �L Rf cell
VXVSeQViRQ ZeUe lRaded XQdeU a 22 [ 22 mm glaVV cRYeUVliS (VWR, WhickQeVV: 1.5).   SSiQQiQg
diVk cRQfRcal imageV Rf 6. SRPEH ZeUe caSWXUed ZiWh aQ EcliSVe Ti-E iQYeUWed micURVcRSe fiWWed
ZiWh YRkRgaZa CSU-X1 VSiQQiQg diVk cRQfRcal VcaQQiQg XQiW, 600 VeUieV SS 488 Qm, SS 561
Qm laVeUV, ViQgle baQd filWeUV FF01-525/50-25 aQd FF01-617/73-25 (SemURck BUighWliQe), NikRQ
CFI PlaQ ASR Lambda 100[ (NA = 1.45) Ril RbjecWiYe aQd AQdRU iXRQ UlWUa U3-888-BV
mRQRchURme EMCCD cameUa. Image acTXiViWiRQ ZaV cRQWURlled b\ AQdRU IQ3 VRfWZaUe.

CRQWULbXWLRQV
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CRQceSWXali]aWiRQ: N.T.L.R., T.B., N.W.G.; MeWhRdRlRg\: N.T.L.R., T.B.; FRUmal aQal\ViV:
N.T.L.R., T.B.; IQYeVWigaWiRQ: N.T.L.R., T.B., J.B.-P., K.N., Y.G., S.F.; ReVRXUceV: N.T.L.R., T.B.,
N.H.; WUiWiQg ± RUigiQal dUafW SUeSaUaWiRQ: N.T.L.R., T.B., N.W.G.; WUiWiQg ± UeYieZ aQd ediWiQg:
N.T.L.R., T.B., N.W.G.; SXSeUYiViRQ: N.W.G.; PURjecW admiQiVWUaWiRQ: N.W.G.; FXQdiQg
acTXiViWiRQ: N.W.G.

AFNQRZOHGJHPHQWV

We WhaQk JRVaQa RRdUigXe], RXbeQ SchmidW, aQd DRQald Bell fRU cRmmeQWV RQ Whe maQXVcUiSW
aQd/RU SilRW WeVWiQg Rf Whe SAIBR SlXgiQ. SWUaiQV aQd/RU UeageQWV ZeUe gUaciRXVl\ SURYided b\
DaQ DickiQVRQ aQd KeQ KemShXeV. AddiWiRQal VWUaiQV ZeUe SURYided b\ Whe CaeQRUhabdiWiV
GeQRme CeQWeU (CGC), Zhich iV fXQded b\ NIH Office Rf ReVeaUch IQfUaVWUXcWXUe PURgUamV
(P40 OD010440). CRQfRcal imagiQg ZaV SeUfRUmed ZiWh aVViVWaQce Rf Whe CUick AdYaQced LighW
MicURVcRS\ (CALM) STP. SRme e[SeUimeQWV ZeUe SeUfRUmed iQ Whe labV Rf PeWeU LpQiUW (EMBL,
MPI-BPC) aQd SQe]hka OlifeUeQkR (FUaQciV CUick IQVWiWXWe). ThiV ZRUk ZaV VXSSRUWed b\ Whe
FUaQciV CUick IQVWiWXWe, Zhich UeceiYeV iWV cRUe fXQdiQg fURm CaQceU ReVeaUch UK (FC001086),
Whe UK Medical ReVeaUch CRXQcil (FC001086), aQd Whe WellcRme TUXVW (FC001086).

ThiV UeVeaUch ZaV fXQded iQ ZhRle, RU iQ SaUW, b\ Whe WellcRme TUXVW (FC001086). FRU Whe
SXUSRVe Rf OSeQ AcceVV, Whe aXWhRU haV aSSlied a CC BY SXblic cRS\UighW liceQce WR aQ\ AXWhRU
AcceSWed MaQXVcUiSW YeUViRQ aUiViQg fURm WhiV VXbmiVViRQ.

CRPSHWLQJ IQWHUHVWV

NR cRmSeWiQg iQWeUeVWV declaUed.

DaWa AYaLOabLOLW\

SRXUce cRde aQd dRcXmeQWaWiRQ fRU Whe SlXgiQ aUe aYailable aW
hWWSV://giWhXb.cRm/gRehUiQglab/VaibU_fiji_SlXgiQ XQdeU a CC BY 4.0 liceQVe. OUigiQal image
daWaVeWV aYailable XSRQ UeaVRQable UeTXeVW fURm Whe cRUUeVSRQdiQg aXWhRU.
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FLJXUHV

FLJXUH 1. AXWRIOXRUHVFHQFH LQ C. elegans LV FRUUHOaWHG aFURVV a bURaG VSHFWUXP RI ZaYHOHQJWKV. (A)
NRUmali]ed flXRUeVceQce iQWeQViW\ fRU embU\RV e[SUeVViQg PAR-6::GFP, PAR-3::GFP, RU LGL::GFP (VWUaiQV: KK1248,
KK1216 aQd NWG0285, UeVSecWiYel\) UelaWiYe WR XQlabeled N2 embU\R cRQWURlV UeYealV WhaW AF cRQWUibXWeV
VXbVWaQWiall\ WR WRWal meaVXUed flXRUeVceQce VigQal. DaWa fRU iQdiYidXal embU\RV VhRZQ ZiWh meaQ iQdicaWed. (B) GFP
ChaQQel imageV Rf XQlabeled N2 aQd LGL-1::GFP embU\RV caSWXUed XViQg ideQWical SaUameWeUV. EmbU\RV WakeQ fURm
daWaVeW iQ (A). (C) SXbWUacWiRQ Rf Whe flXRUeVceQce emiVViRQ VSecWUXm Rf XQlabeled embU\RV (AF VigQal) fURm WhaW Rf
GFP::PAR-6 e[SUeVViQg embU\RV \ieldV a calcXlaWed GFP VSecWUXm WhaW iV iQdiVWiQgXiVhable fURm Whe e[SecWed
WheRUeWical GFP VSecWUXm (SXUSle) demRQVWUaWiQg AF aQd GFP VigQalV aUe addiWiYe. FlXRUeVceQce emiVViRQ fURm
embU\RV ZaV meaVXUed iQ 20 Qm ZaYebaQdV ZiWh midSRiQWV fURm 520 WR 700 Qm. MeaQ � SD VhRZQ. N2, 5 embU\RV;
PAR-6::GFP, 5 embU\RV. (D) SchemaWic Rf SAIBR aSSURach. RaZ GFP ChaQQel imageV cRQViVW Rf bRWh GFP aQd AF
VigQal. TUXe GFP VigQal iV RbWaiQed b\ VXbWUacWiQg iQfeUUed AF VigQal iQ Whe GFP ChaQQel deUiYed fURm AF
meaVXUemeQW iQ a VecRQd chaQQel. (E) IQdiYidXal Si[el YalXeV aUe Zell cRUUelaWed beWZeeQ gaXVViaQ-filWeUed (UadiXV =
1) AF aQd GFP ChaQQelV, aQd VimilaU beWZeeQ embU\RV. Pi[elV fURm a UegiRQ Rf iQWeUeVW cRmSUiViQg Whe eQWiUe
embU\R aQd a Vmall VecWiRQ Rf VXUURXQdiQg backgURXQd ZeUe XVed fRU Whe UegUeVViRQ fiW. A UaQdRm VelecWiRQ
cRmSUiViQg 10% all Si[elV VhRZQ cRlRU-cRded SeU embU\R. HiVWRgUamV Rf iQWeQViW\ YalXeV fRU GFP aQd AF ChaQQelV
VhRZQ fRU UefeUeQce. (F) CRmSaUiVRQ Rf SeU-Si[el cRUUelaWiRQ ZiWh daWa RbWaiQed fURm ZhRle embU\R meaQV. LiQeV
iQdicaWe SeU-Si[el UegUeVViRQ fURm iQdiYidXal embU\RV aV iQ (E). IQVeW VhRZV RYeUla\ Rf meaQ ZhRle embU\R
flXRUeVceQce YalXeV (ciUcleV). (G) ASSlicaWiRQ Rf SAIBR WR GFP::CDC-25.3 e[SUeVViQg embU\R. SXbWUacWiRQ Rf iQfeUUed
AF VigQal UeYealV QXcleaU accXmXlaWiRQ begiQQiQg aW Whe VWaUW Rf Whe 4-cell VWage aQd SURWeiQ UeleaVe aW NEBD (W3).
Scale baUV = 10 �m.
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FLJXUH 2. QXaQWLWaWLYH aQaO\VLV RI GFP FRQFHQWUaWLRQV b\ SAIBR. (A-D) RaZ (WRS) aQd SAIBR-cRUUecWed (middle)
midSlaQe imageV Rf ]\gRWeV e[SUeVViQg Whe iQdicaWed GFP fXViRQV imaged iQ Whe GFP ChaQQel aV VhRZQ alRQg ZiWh
aVVRciaWed flXRUeVceQce liQeVcaQ WakeQ aV iQdicaWed (bRWWRm). NRWe SAIBR UedXceV GFP ChaQQel VigQal WR
backgURXQd iQ XQlabeled embU\RV (A), aQd UeYealV SURmiQeQW membUaQe lRcali]ed VigQal iQ (aUURZV, B-C), Zhich
befRUe cRUUecWiRQ iV RQl\ RbYiRXV iQ PAR-6::GFP embU\RV. AlVR QRWe SURmiQeQW deSleWiRQ Rf VigQal iQ Whe SURQXcleaU /
VSiQdle UegiRQV iQ GFP ChaQQel imageV (ZhiWe aUURZhead) laUgel\ diVaSSeaUV iQ SAIBR imageV, VXggeVWiQg iW iV dXe
WR lRcal e[clXViRQ Rf AF VigQal. (E-G) AYeUaged membUaQe SURfileV WakeQ fURm eiWheU UaZ (WRS) RU SAIBR-cRUUecWed
(bRWWRm) imageV fRU LGL-1::GFP (E), PAR-3::GFP (F) aQd PAR-6::GFP (G) VhRZQ UelaWiYe WR XQlabeled N2 cRQWURlV.
MembUaQe SRViWiRQ aW [ = 0�m. MeaQ � SD VhRZQ. NXmbeU Rf embU\RV iQdicaWed (SaUeQWheVeV). NRWe membUaQe
SeakV aUe VWURQgl\ eQhaQced fRU each GFP fXViRQ e[SUeVViQg embU\R, Zhile N2 SURfileV aUe UedXced WR backgURXQd iQ
all daWaVeWV. (H) QXaQWiWaWiRQ Rf meaQ embU\R GFP VigQal afWeU cRUUecWiRQ b\ eiWheU meaQ AF VXbWUacWiRQ (gUeeQ) RU
SAIBR (blXe) fRU embU\RV e[SUeVViQg PAR-6::GFP iQ ViQgle (PAR-6GFP/+) RU dRXble cRS\ (PAR-6GFP/GFP), PAR-3::GFP
(PAR-3GFP/GFP), RU LGL-1::GFP (LGL-1GFP/GFP). MeaQ flXRUeVceQce YalXeV fRU iQdiYidXal embU\RV VhRZQ ZiWh gURXS
meaQ aQd cRefficieQW Rf YaUiaWiRQ (c.R.Y.) iQdicaWed. SWUaiQV XVed: N2, KK1248, KK1216, NWG0285. Scale baUV = 10
�m.

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 20, 2022. ; https://doi.org/10.1101/2022.01.19.476881doi: bioRxiv preprint 

https://doi.org/10.1101/2022.01.19.476881
http://creativecommons.org/licenses/by/4.0/


SAIBR AXWRflXRUeVceQce CRUUecWiRQ 22

FLJXUH 3. SAIBR aFKLHYHV VLPLOaU UHVXOWV WR VSHFLaOL]HG H[FLWaWLRQ/HPLVVLRQ LPaJLQJ UHJLPHV. (A) RaZ
flXRUeVceQce VigQal XViQg GFP illXmiQaWiRQ (GFP ChaQQel, e[488/em510-560) fRU XQlabeled (N2) RU PAR-3::mNG embU\RV
(VWUaiQ: NWG0189). MeaQ iQdicaWed. (B) AV iQ (A) fRU mNG-VSecific illXmiQaWiRQ (mNG ChaQQel, e[514/em525-575). (C)
CRmSaUiVRQ Rf meaQ QRUmali]ed mNG flXRUeVceQce XQdeU WhUee AF cRUUecWiRQ UegimeV aV iQdicaWed. NRWe SAIBR aQd
mNG-VSecific illXmiQaWiRQ \ield VimilaU UedXcWiRQV iQ CRV UelaWiYe WR VWaQdaUd GFP illXmiQaWiRQ ZiWh meaQ AF
VXbWUacWiRQ. (D) MidSlaQe imageV Rf embU\RV e[ciWed imaged XViQg Whe GFP ChaQQel RU mNG ChaQQel aQd eiWheU lefW
XQSURceVVed (RaZ) RU VXbjecW WR SAIBR aV iQdicaWed. PAR-3::mNG aQd XQlabeled N2 VhRZQ fRU cRmSaUiVRQ. Scale
BaUV = 10 �m. (E) PlRWV Rf SURfileV WakeQ SeUSeQdicXlaU acURVV Whe SlaVma membUaQe alRQg Whe Ued liQe iQ embU\RV iQ
(D) highlighW VimilaU SeUfRUmaQce Rf SAIBR aQd XVe Rf Whe mNG ChaQQel iQ UedXciQg AF.
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FLJXUH 4. SSHFWUaO AF FRUUHFWLRQ LV FRPSaWLbOH ZLWK GXaO FRORU OabHOHG VaPSOHV. (A) Red flXRURShRUe VSillRYeU
iQcUeaVeV VigQal iQ Whe AF ChaQQel fRU highl\ e[SUeVVed SURWeiQV. GFP, AF, aQd RFP ChaQQel VigQal VhRZQ fRU
TH209 (mCh::PAR-2), RU NWG0033 (mCh::MEX-5) embU\RV UelaWiYe WR XQlabeled N2. NRWe iQcUeaVe iQ Whe AF

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 20, 2022. ; https://doi.org/10.1101/2022.01.19.476881doi: bioRxiv preprint 

https://doi.org/10.1101/2022.01.19.476881
http://creativecommons.org/licenses/by/4.0/


SAIBR AXWRflXRUeVceQce CRUUecWiRQ 24

ChaQQel iV VigQificaQW fRU NWG0033 dXe WR higheU leYelV Rf mCheUU\ e[SUeVViRQ. S YalXeV deWeUmiQed XViQg aQ
XQSaiUed W WeVW. (B) mCheUU\ VSillRYeU VhifWV Whe AF YV GFP cRUUelaWiRQ. MeaVXUed VigQal iQ gaXVViaQ-filWeUed (UadiXV =
1) AF YV GFP ChaQQel fRU a ViQgle NWG0033 (mCh::MEX-5) embU\R cRmSaUed WR Zild-W\Se N2 cRQWURl, cRlRU-cRded
b\ RFP flXRUeVceQce (mCheUU\). Pi[elV fURm a UegiRQ Rf iQWeUeVW cRmSUiViQg Whe eQWiUe embU\R aQd a Vmall VecWiRQ Rf
VXUURXQdiQg backgURXQd ZeUe VSecified aQd a UaQdRm VelecWiRQ cRmSUiViQg 10% all Si[elV VhRZQ. DaVhed liQe
iQdicaWeV AF YV GFP ChaQQel cRUUelaWiRQ RbWaiQed fURm XQlabeled N2 embU\RV. IQVeW VhRZV UeVidXalV aV a fXQcWiRQ Rf
mCheUU\ e[SUeVViRQ. (C) MXlWiSle UegUeVViRQ fiW fRU 3-ChaQQel SAIBR Rf AF VigQal iQ Whe GFP ChaQQel aV a cRmbiQed
fXQcWiRQ Rf VigQal iQ Whe AF aQd RFP ChaQQelV fRU aQ embU\R e[SUeVViQg RQl\ mCh::MEX-5. The Vame 10% VamSle
Rf Si[elV iV VhRZQ. (D) PUedicWed YV meaVXUed AF VigQal iQ Whe GFP chaQQel baVed RQ Whe fiW iQ (C). (E) 3-ChaQQel
SAIBR cRUUecWiRQ cRmSeQVaWeV fRU Ued flXRURShRUe e[SUeVViRQ. CRmSaUiVRQ Rf WRWal PAR-6::GFP VigQal iQ embU\RV
cR-e[SUeVViQg mCh::MEX5 (VWUaiQ: NWG0119) VXbjecW WR eiWheU 2- RU 3-ChaQQel SAIBR cRmSaUed WR 2-ChaQQel
SAIBR aSSlied WR embU\RV e[SUeVViQg PAR-6::GFP alRQe. NRWe RYeUcRUUecWiRQ dXe WR mCheUU\ e[ciWaWiRQ b\ 488 Qm
illXmiQaWiRQ cRQdiWiRQV UeVXlWV iQ XQdeUeVWimaWiRQ Rf WUXe GFP VigQal ZheQ XViQg 2-ChaQQel SAIBR. S YalXeV
deWeUmiQed XViQg aQ XQSaiUed W WeVW. (F) ImageV/SURfileV VhRZiQg elimiQaWiRQ Rf AF RYeUcRUUecWiRQ iQ MEX-5::mCheUU\
e[SUeVViQg embU\RV. 2-ChaQQel SAIBR XViQg XQlabeled N2 embU\RV fRU calibUaWiRQ UeVXlWV iQ RYeUVXbWUacWiRQ WhaW iV
YiVible aV QegaWiYe YalXeV (aUURZ) Rf NWG0033 (mCheUU\::MEX-5) aQd iQ UedXced c\WRSlaVmic VigQal iQ NWG0119
(mCh::MEX-5, PAR-6::GFP). RYeUVXbWUacWiRQ iV elimiQaWed ZiWh 3-ChaQQel SAIBR XViQg NWG0033 (mCh::MEX-5) fRU
calibUaWiRQ. (G) SimXlWaQeRXV cRUUecWiRQ fRU embU\R AF aQd egg-Vhell flXRUeVceQce. EggVhell flXRUeVceQce iV VWURQgl\
YiVible iQ Whe Ued flXRUeVceQce chaQQel. UVe Rf RQl\ 2-ChaQQel SAIBR (calibUaWiRQ XViQg RQl\ GFP aQd AF chaQQelV)
UeVXlWV iQ RYeUVXbWUacWiRQ Rf AF VigQal, YiVible aV QegaWiYe YalXeV iQ 2-ChaQQel SAIBR imageV (aUURZV). ThiV iV
elimiQaWed b\ 3-ChaQQel SAIBR WhaW WakeV iQWR accRXQW Whe RFP chaQQel, imSURYiQg VigQal Rf Whe LGL-1 SRVWeUiRU
dRmaiQ (VWUaiQ: NWG0285). AUURZheadV highlighW UegiRQV Rf VXSSUeVVed LGL-1 VigQal aW Whe dRmaiQ bRXQdaU\ dXe WR
eggVhell-iQdXced AF RYeUVXbWUacWiRQ iQ 2-ChaQQal SAIBR WhaW dReV QRW RccXU iQ 3-ChaQQel SAIBR..
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FLJXUH 5. SAIBR VXSSUHVVHV aXWRIOXRUHVFHQFH baFNJURXQG LQ OaWH HPbU\R aQG OaUYaO VWaJHV. (A-C) SAIBR
UedXceV backgURXQd iQ laWe VWage C. HOHJDQV embU\RV. (A) LaWeUal YieZ Rf a 1.5-fRld embU\R (CalibUaWiRQ, SWUaiQ
BOX241) highlighWiQg SUeVeQce Rf VXbVWaQWial AF, SaUWicXlaUl\ iQ Whe SRVWeUiRU QeaU Whe QaVceQW iQWeVWiQe, Zhich iV
VXSSUeVVed b\ SAIBR. (B) PRVWeUiRU AF RbVcXUeV membUaQe lRcali]aWiRQ Rf LGL-1::GFP, Zhich iV UeYealed b\ SAIBR.
BelRZ, IQVeW: ]RRm Rf SRVWeUiRU UegiRQ (LUT - FiUe). (C) SAIBR aSSlied WR a dXal-labeled LGL-1::GFP, PAR-6::mCheUU\
embU\R UeYealV baVRlaWeUal membUaQe lRcali]aWiRQ Rf LGL-1. (WRS, lefW) SchemaWic Rf PAR-6 (mageQWa) aQd LGL-1
(gUeeQ) lRcali]aWiRQ iQ Whe deYelRSiQg iQWeVWiQe Rf a 1.5-fRld VWage embU\R. (WRS, UighW) PAR-6::mCheUU\ labeliQg Whe
aSical dRmaiQ Rf Whe iQWeVWiQe. (bRWWRm) PaiUed XQcRUUecWed aQd SAIBR imageV VhRZQ alRQe, RU meUged ZiWh
PAR-6::mCheUU\ YiVXali]ed iQ Whe RFP ChaQQel. IQVeW Rf meUged imageV highlighWV SRVWeUiRU iQWeVWiQe. NRWe (B-C)
VhRZ diffeUeQW SlaQeV Rf a ViQgle 1.5-fRld VWage embU\R (SWUaiQ NWG0290). AUURZV VhRZ QXcleaU YRid YRlXme
VXUURXQded b\ flXRURShRUe-VSecific aQd aXWRflXRUeVceQce VigQalV. AUURZheadV VhRZ UeVRlYed LGL-1 membUaQe
VigQal afWeU image cRUUecWiRQ. (D) AF cRUUecWiRQ Rf C. HOHJDQV L1 laUYa UeYealV LGL-1::GFP baVRlaWeUal lRcali]aWiRQ iQ
Whe iQWeVWiQe. SWill imageV Rf laUYal iQWeVWiQe e[SUeVViQg eiWheU PAR-6::mCheUU\ alRQe (CalibUaWiRQ, WRS URZ, BOX241)
RU LGL-1::GFP aQd PAR-6::mCheUU\ (bRWWRm URZ, NWG0290) VhRZQ fRU RFP (mCheUU\), GFP aQd SAIBR-cRUUecWed
ChaQQelV alRQg ZiWh a meUge Rf RFP/SAIBR chaQQelV. VeU\ bUighW SXQcWa iQ Whe GFP ChaQQel (gUeeQ aUURZheadV)
aUe gXW gUaQXleV Zhich WeQd WR be VXbjecW WR RYeUcRUUecWiRQ aQd WheUefRUe aSSeaU black iQ AF cRUUecWed imageV. Scale
baUV = 10 �m.
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FLJXUH 6. SAIBR HIIHFWLYHO\ UHGXFHV AF LQ RWKHU PRGHO V\VWHPV. (A-B) SXSSUeVViRQ Rf cRUWical gUaQXle AF iQ
VWaUfiVh RRc\WeV. (A) Image Rf a VWaUfiVh RRc\We labeled ZiWh ODF2::GFP, UhRdamiQe-WXbXliQ iV VhRZQ iQ XY aQd YZ
SlaQeV dXUiQg meiRViV II. The VSiQdle (WXbXliQ, Ued) iV SeUSeQdicXlaU WR Whe cell cRUWe[ ZiWh Whe mRWheU ceQWUiRle (ODF2,
c\aQ) SRViWiRQed aW Whe VSiQdle SRle QeaU Whe cell cRUWe[. IQ UaZ, XQcRUUecWed imageV, \Rlk gUaQXleV (c\aQ) dRmiQaWe
Whe VigQal iQ Whe GFP ChaQQel (lefW, RaZ). YRk gUaQXle VigQal iV VWURQgl\ VXSSUeVVed b\ SAIBR leaYiQg Whe
ODF2-maUked ceQWUiRle aV Whe VWURQgeVW VigQal (UighW, SAIBR). Scale baUV = 10 �m. (B) Scaled, ViQgle chaQQel iQVeWV
(10[ ]RRm) Rf Whe ODF2-maUked mRWheU ceQWUiRle aQd QeighbRUiQg \Rlk gUaQXle fURm (A) highlighWiQg VSecific
VXSSUeVViRQ Rf \Rlk gUaQXle flXRUeVceQce UelaWiYe WR ODF2 (LUT - iQfeUQR). Scale baUV = 1 �m. (C) SXSSUeVViRQ Rf
YacXRlaU AF iQ fiVViRQ \eaVW cellV. RaZ (blXe) aQd SAIBR-cRUUecWed (SXUSle) midSlaQe imageV Rf \eaVW cellV fURm aQ
XQlabeled (lefW cell) RU Nem1::mNG-e[SUeVViQg VWUaiQ (middle aQd UighW cellV) imaged iQ Whe GFP chaQQel. QXaQWiWaWiRQ
Rf flXRUeVceQce liQeVcaQV WakeQ acURVV cellV aV iQdicaWed (Vee Ued daVhed liQeV). NRWe SAIBR UedXceV QRQ-VSecific
AF VigQal (mRVWl\ emiWWed fURm YacXRleV - Vee black aUURZV) WR backgURXQd iQ Whe XQlabeled cell, aQd UeYealV a
SURmiQeQW, Zell UeVRlYed Nem1-VSecific VigQal aW Whe cRUWical ER (Vee RUaQge aUURZV - middle cell) aQd QXcleaU
eQYelRSe (Vee gUeeQ aUURZV - UighW cell). Scale baUV = 5 �m.
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SAIBR AXWRflXRUeVceQce CRUUecWiRQ 27

BR[ 1. SFKHPaWLF VXPPaU\ RI SAIBR ZRUNIORZ. The fiUVW VWeS fRU 2-ChaQQel SAIBR iV WR defiQe Whe cRUUecWiRQ
fXQcWiRQ . iV defiQed b\ imagiQg mXlWiSle XQlabeled calibUaWiRQ VamSleV iQ Zhich all flXRUeVceQce VigQalՏ

Ղ𝐴𝐼𝐵𝑅
Տ
Ղ𝐴𝐼𝐵𝑅

aUiVeV fURm aXWRflXRUeVceQce aQd SeUfRUmiQg a liQeaU UegUeVViRQ RQ flXRUeVceQce YalXeV iQ Whe GFP aQd AF
ChaQQelV. IQ VWeS 2, WR iVRlaWe GFP VigQal iQ GFP-labeled VamSleV, meaVXUed AF ChaQQel VigQal iV XVed WR iQfeU AF
VigQal iQ Whe GFP ChaQQel XViQg aQd iQfeUUed AF VigQal iV WheQ VXbWUacWed fURm Whe RbVeUYed GFP ChaQQelՏ

Ղ𝐴𝐼𝐵𝑅

VigQal WR \ield Whe ³WUXe GFP´ VigQal. IQ 3-ChaQQel SAIBR, RQe mXVW cRmSeQVaWe fRU Ued flXRURShRUe (e.g RFP) VigQal
bleedWhURXgh iQWR Whe AF ChaQQel. TheUefRUe, fRU 3-ChaQQel SAIBR, iV defiQed b\ imagiQg VamSleV e[SUeVViQgՏ

Ղ𝐴𝐼𝐵𝑅

RQl\ RFP aQd SeUfRUmiQg a mXlWiSle liQeaU UegUeVViRQ WR cRUUelaWe RbVeUYed AF aQd RFP ChaQQel VigQalV WR VigQal iQ
Whe GFP ChaQQel. OQe caQ WheQ XVe WR iQfeU AF iQ GFP-labeled VamSleV baVed RQ AF aQd RFP ChaQQel VigQalՏ

Ղ𝐴𝐼𝐵𝑅

aQd VXbWUacW fURm RbVeUYed GFP ChaQQel VigQal WR RbWaiQ Whe WUXe GFP VigQal.
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